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MAY 12, 1980 
To the President and Members of Congress: 

I am pleased to submit the first Five^Year Outlook on science and technology as 
required by the National Science and Technology Policy, Organization and Priorities Act 
of 1976. 

In addition to materials wrinen and compiled by the staff of the National Science 
Foundation, I have prepared a personal statement reviewing several important opportun- 
ities for science and technology to contribute to the solution of major national issues All 
these issues involve public policy choices that wili have to be made within the next five 
years and which deserve wide discussion. I believe this Five-Year Outlook can help 
facilitate such discussions in the Executive Branch, the Congress and throughout the 
Nation. 



Respectfully, 



Richard C. Atkinson 
Director 
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Statement of the Director of 
The National Science Foundation 



The first effort to prepare a Five-Year Outlook on sci- 
ence and technology has been a considerable challenge. 
The object was to capture perspectives, not to produce 
a catalog. The idea was to look ahead, not backward. 
Though the glimpse of the future was defined to be a 
five-year period, the processes of research and devel- 
opment hardly obey such discipline. The temporal con- 
straint, therefore, had to take the form of relating the 
agenda of science and technology to the visible near- 
term problems of American society and iis external re- 
sponsibilities for stable peace and the improvement of 
the human condition. This task was not amenable to 
ivory tower meditation. It required wide participation, 
and we have gained a great deal by calling upon the 
National Academy of Sciences, govftmment agencies, 
and thoughtful individuals. 

The National Science Foundation's synthesis of these 
contributions to the Five-Year Outlook comprises the 
core of Volume 1; the contributions themselves constitute 
Volume 11. The individual contributions reflect the vigor 
and excitement of American science and technology, and 
illustrate the wide>ranging contributions that science and 
technology can make to the solution of problems faced 
by this Nation. While we all recognize that science and 
technology cannot provide a panacea for those problems, 
they do offer an impressive range of opportunities. 

In this statement, which constitutes my personal over- 
view of the Five-Year Outlook, I want to concentrate on 



six issues. These issues are discussed at greater length 
in the Five-Year Outlook and. in my judgment, warrant 
the special attention of the Executive and Legislative 
branches of the United States Government and of the 
American people: 

1. Stimulating innovation and productivity in in- 
dustry and agriculture. 

2. Ensuring adequate supplies of energy and non- 
renewable resources. 

3. Improving the science and technology base for 
risk assessment. 

4. Contributing to improvements in health. 

5. Maintaining international leadership xu science 
and technology. 

The sixth issue undergirds these five: 

6. Ensuring the continued vitality of the Nation's 
scientific and technological enterprise. 

These issues will persist in some form well beyond 
the period ofiYAsFive-Year Outlook. All of them involve 
public choices that will have to be made within the next 
five years, and which deserve discussion throughout the 
Nation. 
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I. STIMULATING INNOVATIONS AND 
PRODUCTIVITY IN INDUSTRY AND 
AGRICULTURE 

The declining rate of productivity growth in some in- 
dustrial sectors is an important factor in the reduced 
economic progress of the United States. Productivity, in 
turn, depen»ds in substantial measure on industrial in- 
rwvations — the development and commercialization of 
new products and processes, and the improvement in the 
efficiencies of existing processes. As the recent Domes- 
tic Policy Review on Industrial Innovation clearly rec- 
ognized, innovation is also an important factor in reduc- 
ing inflation, assuring the availability of adequate supplies 
of energy, mainUining the Nation's international com- 
petitive position, and improving the quality of all of our 
lives. 

The Domestic Policy Review announced new Federal 
initiatives in nine critical areas. Several of ihese initia- 
tives provide opportunities for science and technology 
to spur industrial innovation and deserve continued at- 
tention during the next five years: 

• Augmenting research on generic technologies 
that underlie several industries. 

• Expanding cooperative programs of research be- 
tween industry and universities. 

• Increasing incentives to small businesses and 
large industries to undertake high-risk research. 

• Refining the scientific basis of the regulatory sys- 
tem. 

• Strengthening the patent system and clarifying 
nnti-trust policy on collaboration in research and 
development. 

• Helping labor and management adjust to tech- 
nical change. 

• Enhancing 'he dissemination of mformation to 
industry. 

!n agriculDire, high productivity is essential to sustain 
domestic food supplies, to feed people in other coun- 
tries, and to contribute to the Nation's balance of trade. 
Interest in using renewable resources for energy produc- 
tion and as substitutes for petroleum based industrial 
chemicals is providing new challenges to American ag- 
riculture. 

Factors that threaten agricultural productivity are ns* 
ing costs of fuels and petroleum-based fertilizers, envi- 
ronmental restrictions on pesticide use, growing com* 
petition for water by new synthetic fuel industries 
(particularly in the semi-arid regions of the West), and 
effects of water and air pollution on crops. Since these 



factors will certainly persist into the next century, re- 
search should focus on the following long-range oppor- 
tunities: 

• Expanding fundamental knowledge of biological 
processes (such as photosynthesis, the relation- 
ship between photosynthesis and nitrogen fixa- 
tion, carbon dioxide fixation, and the dynamics 
of cell membranes) needed to develop food 
plants that require less fertilizer and fresh water 
and are more resistant to inhospitable environ- 
ments. 

• Developing environmentally safe methods for 
controlling animal and plant pests and diseases. 

• Augmenting knowledge of the effects of air pol- 
lution (particulariy acid rain) on agricultural 
crops. 

• Applying solar and biomass energy sources to 
reduce agriculture's dependence on fossil fuels. 

• Using more effectively satellite data on atmos- 
pheric, oceanic, and land-surface dynamics to 
improve long-range agricultural management. 



2. ENSURING ADEQUATE SUPPLIES OF 

ENERGY AND NONRENEWABLE RESOURCES 

This Nation's industrial growth has been based on the 
ready availability of low-cost energy and other material 
resources. Worid:vide shortages of petroleum will be- 
come increasingly severe during the remainder of the 
century. We need research to help achieve two urgent 
national goals: First, to reduce our dependence on for- 
eign and diminishing domestic sources by conservation 
and substitution. Second, to develop environmentally 
safe alternative sources. 

The ability of science and technology to help meet 
these goals will be influenced by policy decisions made 
during the next five years. For exa-Tiple: 

• Additional petroleum sources need to be identi- 
fied and evaluated. Research by government and 
industry to establish a scientific framework for 
the development of the ocean margins for that 
purpose should be intensified. 

• The science and technology base for the synthetic 
fuel industry must be augmented quickly to as- 
sure that these fuels are available to provide a 
substantial part of the Nation's energy in the 
1990s. 

• We must improve the safety of conventional nu« 
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clear power plants, and pay greater attennon to 
the role of human factors in the operation of the 
plants. We must also resolve radioactive waste 
disposal problems to retain for the Nation the 
option of nuclear fission as a source of energy. 

• If advanced energy technologies (including nu- 
clear fusion, photochemical fuels production 
from solar energy, and direct solar conversion) 
are to become the primary energy source during 
the 21st century, we must emphasize at once re- 
search that will provide the scientific knowledge 
for their development and commercialization. 

• The ability to estimate uranium resources has 
been called into question by recent re-evalua- 
tions. It is important that geologists and geo- 
chemists develop improved techniques for esti- 
mating uranium deposits and a wide range of 
other mineral resources. Independent of esti- 
mated resources, we must begin immediately to 
design the next generation of reactors to be more 
uranium-efficient in order to extend the useful 
life of known deposits. 

Petroleum is far more valuable as the basis for organic 
industrial products (including fertilizers, plastics and 
pharmaceuticals) than as a fuel. Rising petroleum prices 
will affect the costs and availability of these products. 
Foreign supplies of other organic raw materials essential 
to our economy, most notably rubber, could also be se- 
riously disrupted. Thus, industrial use of domestic re- 
newable resources should be pursued as a long-range 
option. Promising opportunities for the next five years 
include research on the feasibility of: 

• Using domestic plants as sources of organic ma- 
terials For example, guayule, a plant native to 
the arid lands of the Southwest, could provide 
an alternative to imported rubber, and jojoba, a 
plant that thrives in the same region, could be- 
come a .source of lubricating oil. 

• Extracting chemical feedstocks and petrochemi- 
cal substitutes from coal and lignocelluiosic ma- 
terials (such as non-commercial species of trees. 
Underutilized hardwoods, and lumber industry 
residues). The use of genetic techniques to pro- 
duce microorganisms capable of converting these 
raw materials into useful chemicals is a particu- 
larly attractive possibility. 

Expert opinions differ about the timing and impact on 
the American economy of world shortages of industrially 
important metals. Disruptions in the supply of some 
metals such as chromium have been experienced and arc 
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likely to recur with increasing frequency. Prices of oth- 
ers, such as copper, will rise as the richest and most 
accessible sources are depleted. National security con- 
siderations argue strongly against overdependence on a 
small number of politically unstable foreign sources for 
such primary resources. Promising opportunities related 
to the supply and use of essential metals that can be 
pursued during the next five years are: 

• Using remote-sensing satellites and deep-probing 
radar to identify new mineral deposits and eval- 
uate known deposits. 

• Implementing technologies for improved extrac- 
tion of metals from ores, sea water, and the 
ocean floor. 

• Expanding research on the properties of mate- 
rials, as a basis for substitution and new energy- 
efficient applications. For example, the replace- 
ment of metals and alloys with silicon ceramics 
in energy-conversion devices would permit higher 
operating temperatures and greater energy effi- 
ciencies. 

• Pursuing research on the fundamental physical 
and chemical bases of corrosion, fracture and 
wear, thereby improving the durability and re- 
cycling potential of scarce materials. 



3. IMPROVING THE SCIENCE AND 

TECHNOLOGY BASE FOR RISK ASSESSMENT 

Science and technology often are critical in the iden- 
tification of policy issues, in making decisions about 
environmental standards, and in assessing the risks of 
new technologies. If regulations arc to become more 
rational, we must expand Lhc science on which these 
regulations arc based. Assessing a risk (whether to 
health, safety, or the environment) is a task combining 
both facts and values. The task is complicated by dif- 
fering opinions of how much risk is acceptable for a 
particular level of benefit. It is usually possible to reduce 
the hazards associated with a given technology by spend- 
ing enough money. It is also possible to eliminate the 
hazard completely by eliminating the technology. But 
the long-term social cost.s of foreclosing promi.sing tech- 
nological option5 by nccdlcs.sly stringent environmental 
regulations arc too easily overlooked. 

More research i.s needed to understand the cau.sal 
mechanisms undcriying various risks and to implement 
appropriate control technologies. Ultimately society 
must determine the risks that individuals and groups 
should accept in exchange for the benefits of a given 
technology. But in the absence of better information 
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about the effects of specific harards. the governmental 
decision process cannot function effectively. 

During the next five years there is an urgent need to 
dcicnninc the true range of effects of a large variety of 
hazards; to refine methods to detect and measure those 
effects; and to assess the economic and social impact of 
various risk-mitigation options. In particular: 

• Many substances may pose risks to human beings 
and their descendants only at high levels of ex- 
posure. However, it may sometimes be prudent 
to assume, in the absence of evidence to the con- 
trary, that any level of exposure presents some 
risk. Unfortunately, the costs of technologies to 
decrease the concentration of a contaminant in 
food or in the environment increase as the con- 
centration decreases, often sharply so. Epide- 
miological studies provide the only direct means 
for assessing the effects of low-level exposure to 
chemicals and radiations; although these studies 
arc expensive and involve evaluation over ex- 
tended time periods, a balanced regulatory policy 
requires that they be actively pursued. 

• Some toxic substances may produce adverse ef- 
fects even in minute amounts. The development 
of analytical techniques for the rapid detection 
of such substances (permitting surveys to estab- 
lish baselines and monitor changing levels) should 
be encouraged. 

• Other substances may not be harmful except over 
long time periods or to future generations. Such 
effects can only be evaluated when underiying 
causal mechanisms are understood, and this re- 
quires f?mdamental research. 

• Failure to recognize and take steps to mitigate 
hazards can entail serious risks; on the other 
hand, excessive conservatism in reducing such 
risks may entail social and economic costs that 
are not immediately obvious. An important prior- 
ity is to improve analytical techniques to assess 
and compare the full range of costs, risks and 
benefits of specific regulations. 

• If the political process is to operate effectively 
and fairly in setting acceptable levels of risk, 
then the public must be better informed about the 
complicated tradeoffs between risk mitigation 
and social benefit. High priority should be given 
to developing ways of facilitating knowledgeable 
public discussion about the regulatory process. 

ERiC 



4. CONTRIBUTING TO IMPROVEMENTS IN 
HEALTH 

Equitable access to high-quality health care for all 
Americans will receive considerable attention during the 
next five years. Many regard good health for everyone 
as an obtainable ideal, and this provides a striking ex- 
ample of the way science can change expectations. Sci- 
entific research has contributed to improvements in nu- 
trition and sanitation, both of which are important 
determinants of health. Science has contributed to the 
control or elimination of many infectious diseases that 
were once widespread (such as smallpox, tuberculosis, 
pneumonia and polio). 

As a result of these developments, the longevity of 
Americans has been augmented markedly during this 
century. But this has. in turn, magnified the seriousness 
of noninfectious diseases common to middle and old 
age, such as hean disease and cancer. These and other 
disorders (including aneriosclerosis, hypertension, and 
mental illness) are linked in pan to environmental fac- 
tors, and in pan to lifestyle factors over which individ. 
uals have control. 

Science and technology can contribute to better health 
by advancing our understanding of fundamental biolog- 
ical processes in health and disease; by expanding our 
knowledge of the effects of lifestyles on health; by en- 
hancing the effectiveness of medical interventions; and 
by supporting improvements in public health and the 
delivery of health services. Specific opportunities in- 
clude: 



• Using recombinant DNA techniques to advance 
oui understanding of genetics at the molecular 
level (thereby offering the possibility of detecting 
and correcting genetic diseases), and to produce 
essential pharmaceuticals, such as insulin and in- 
terferon, at lower costs and higher purities. 

• Expanding our understanding of genetic and be- 
havioral determinants of cardiovascular disea.ses, 
particulariy hypertension and arteriosclerosis. 

• Pursuing research on brain chemistry at the mo- 
lecular level to increase our understanding of 
such problems as obesity, schizophrenia, depres- 
sion, and mental retardation. 

• Augmenting our knowledge of psychological and 
social determinants of alcohol and drug abuse, 
cigarette smoking, and other habits that ad- 
versely affect health and longevity. 

• Increasing public understanding of the relation- 
ship between lifestyle, behavior and di.sea.se .so 
that individuals will have a deeper appreciation 
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ways to maintain and improve their own munications challenge the exclusive use of parts 

of the spectrum for research and other scientific 
purposes. 



5. MAINTAINING INTERNATIONAL 
LEADERSmP IN SCIENCE AND 
TECHNOLOGY 

It is imperative that the Nation recognize the vital role 
that science and technology now play in international 
affairs. The international dimensions of energy, envi- 
ronment, food, and oceanic exploration are evident. Sev- 
eral industrialized nations have developed scientific ca- 
pabilities that now approach our own. The lesser devel- 
oped countries are seeking a larger share of the scientific 
and technological capabilities that are overwhelmingly 
concentrated in the industrialized countries. 

The Nation's declining advantage in technology needs 
to be discussed widely and brought into focus. At the 
same time, the scientific credentials of other countries 
provide opportunities for bilateral and multilateral re- 
search projects. Examples of scientific activities from 
which the United States benefits by pooling its resources 
with other countries include; 

• Particip?Mon in the Global Atmospheric Re- 
search Program which includes, among its ob- 
jectives, better monitoring of the global climate 
and assessing climatic changes due to human ac- 
tivities (e.g., increased burning of fossil fuels). 

• Collaborative research with Japan on nuclear fu- 
sion, photosynthesis, and synthetic fuel produc- 
tion. 

• Collaboration with the People's Republic of 
China on earthquake prediction and earthquake 
damage mitigation. 

• Cooperation with Mexico on research on the arid 
lands on both sides of the border, with emphasis 
on developing new crops and making effective 
use of scarce water resources. 

Scientific cooperation with the lesser developed coun- 
tries often requires a different approach than with in- 
dustrialized countries — in part because our priorities for 
research may differ from theirs. Two examples illustrate 
the problems: 

• The U.N. Law of the Sea Conference has yet to 
resolve issues relating to the control of ocean 
minerals or the question of free access to the 
oceans for scientific purposes. 

• Demands by less developed countries for por- 
tions of the radio frequency spectrum for com- 



Opportunities to facilitate the transfer of science and 
technology to the less developed countries exist in sev- 
eral areas. In many cases such transfers can yield results 
of direct value to the United States. For example: 

• Assisting less developed countries in planning 
for their future energy needs with due regard for 
conserving their own resources and minimizing 
adverse effects on the global environment. 

• Developing more efficient ways to use agricul- 
tural wastes and nonfood crops as fuels and as 
substitutes for petroleum-based products. 

• Improving technologies for locating and exploit- 
ing underground water resources and for desalt- 
ing sea waler. 

• Pursuing collaborative research on the causes of 
desertification and deforestation and developing 
methods for returning land to productive uses. 



6. ENSURING THE VITALITY OF THE NATION'S 
SCIENTIFIC AND TECHNOLOGICAL 
ENTERPRISE 

Advances will be made in understanding and dealing 
with the problems identified in this Five-Year Outlook, 
in part because a firm scientific base has been established 
by past investments in research. But these problems will 
concern the Nation in some form for years to come. 
There is an understandable temptation to allocate re- 
sources to immediate and pressing problems at the ex- 
pense of investments in longer term scientific and tech- 
nological capabilities. However, if the Nation is to 
maintain its ability to face the future, it must deal with 
the problems that now confront its research institutions. 

Specific needs and opponunities during the next five 
years are as follows: 

• The recent Domestic Policy Review on Industrial 
Innovation stressed the desirability of coopera- 
tion between the public and private sectors to 
enhance the technical knowledge base in areas 
of interest to industry. Cooperative development 
of two classes of technologies deserves special 
emphasis: (1) generic technologies that underlie 
several industries, and (2) technologies required 
for compliance with environmental, health and 
safety regulations. 
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• Expanded university-industry cooperation will 
stimulate aixl enhance university research and 
make the results of research more accessible to 
industry. By providing opportunities for linkages 
among scientists and engineers in both sectors, 
cooperative proi^xts will facilitate institutional 
arrangements whose significance transcends the 
value of any particular project. 

• Problems created by the obsolescence of instru- 
mentation and the increasing costs of new and 
more sophisticated scientific apparatus must be 
alleviated. These problems arc particularly se- 
vere for university laboratories, but they also ex- 
ist in industry. Regional instrumentation centers 
available to qualified scientists can provide a par- 
tial response to the problem, as well as greater 
attention to pooling equipment fiinds and sharing 
apparatus. 

• The financial problems faced by universities can- 
not be resolved by the Federal Government. 
However, the government can help the univers- 
ities remain viable research institutions by con- 
tinuing to support high-quality research, and by 
reducing the costs of compliance with compli- 
cated Federal regulations, particularly those that 
do not lake into account the special nature of 
universities. 

• Decreasing university enrollments have caused 
a decline (as well as an age imbalance) in the 
faculties of many science departments. As a re- 
sult, tenure positions for promising young sci- 
entists are, and will continue to be, scarce in 
several fields. This situation is likely to persist 
well into the 1990s. New opportunities must be 
found for young scientists to pursue careers in 
universities so that these institutions can continue 
to olay a vital role in the Nation's science pro* 
grams. 

• Research opportunities in industry are increas- 
ing, and there is a growing need for scientists 
and engineers at all levels of government. Thus, 
messages about limited numbers of university 
faculty positions should not discourage young 
people from careers in science and technology. 
On the contrary, since the strength of the Nation 
depends strongly on the availability of highly 
motivated scientists, the flow of young people 
into science must be encouraged. 

r More attention needs to be paid to technological 
innovations as an aid to instni'^tion, and way.s 
must be found to make teaching apparatus ac- 



cessible to schools, colleges and universities. For 
example, computers can be used to tailor instruc- 
tion to the needs of individual students, and pro- 
vide students with on-line experience in problem 
solving. 



SCIENCE AND TECHNOLOGY IN THE NATION'S FUTURE 

The contributions of long-term research to the solution 
of national problems arc illustrated by many examples 
in this Five-Year Outlook, But these examples focus on 
problem areas that have already been identified. In that 
respect they fail to convey the total contribution research 
makes to our society. In addition to research with clear 
applications, we need to strengthen the context in which 
scientific activities arc pursued and to encourage re- 
search that has no identifiable applications. Polio vac- 
cine, the laser, transistors, and integrated circuits were 
not realized because someone tried to solve a practical 
problem. Rather, they were the result of research carried 
out by well-trained and highly motivated scientists 
whose primary goal was a better understanding of na- 
ture. There can be no question that research underway 
now — with no identifiable applications — will in time 
lead to significant new developments. 

Whether or not a particular research project has an 
identifiable application, the fact that it seeks an answer 
to a scientific question is a contribution in its own right. 
Splendid opportunities for advancing our understanding 
of problems that have long challenged the human intel- 
lect are described in this Five-Year Outlook. These op- 
portunities, no less than those associated with specific 
societal problems, deserve attention and support. 

This is the first Five-Year Outlook on science and 
technology prepared in response to the National Science 
and Technology Policy, Organization and Priorities Act 
of 1976. However, it is but one in a succession of gov- 
ernment reports calling attention to the role of science 
and technology in dealing with national issues. One of 
the most important reports was written thirty-five years 
ago under the leadership of Vannevar Bush, the Director 
of the Office of Scientific Research and Development 
during World War II. The Bush report, entitled Sci- 
ence — The Endless Frontier, responded to a request by 
President Franklin D. Roosevelt to examine how the 
Federal Government and American science might co- 
operate in peacetime to "create a fuller and more fruitful 
employment and a fuller and more fruitful life.** The 
report assessed the contributions that science and tech- 
nology could make in the postwar years, and prepared 
a plan to marshal the Nation's resources to that end. 
Significantly, it focused on the need to make long-term 
public investments in scientific research. 



The wisdom inherent in the Nation's acceptance of 
the Bush report's recommendations on long-term re- 
search is amply illustrated in this Five-Year Outlook. In 
this regard Dr. Bush's admonition deserves reemphasis. 
Science, by itself, provides no panacea for individ- 
ual, social, and economic ills. It can be effective 
in the national welfare only as a member of a team. 
But without scientific progress no amount o( 
achievement in other directions can insure oui' 
health, prosperity, and security as a nation in the^ 
modem world. 



t of the Director of The National Science Foundation 1 

The Bush report was an assessment of national prob- 
lems and a specific plan to mobilize science in the Na- 
tion's service. But it was more than that. Invoking a 
metaphor of the American West, it called on the Nation 
to join science in exploring the frontiers of the mind and 
spirit. The concerns and enthusiasms of American sci- 
entists and engineers reflected m this Five-Year Outlook 
convince me that the metaphor of an endless frontier is 
still very real. Finding more effective ways to use sci- 
ence and technology is among the most important chal- 
'lenges the Nation faces in the next five years. 



Richard C. Atkinson 
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CONTEXT OF THIS FIVE-YEAR OUTLOOK 

With the passage of the National Science and Tech- 
nology Policy, Organization, a:id Priorities Act of 1976 
(Public Uw 94-282), the United States Congress legis- 
latively expressed its belief in **the profound impact of 
science and technology on society, and the interrelations 
of scientific, technological, economic, social, political 
and institutional factors.** 

As one means of developing a better understanding of 
the effects of science, technology and society on one 
another, the Act required that a Five-Year Outlook be 
prepared periodically to **identify and describe situations 
and conditions which warrant special attention witiiin 
the next five years, involving — 

**(1) current and emerging problems of national sig-' 
nificance that are identified through scientific 
research, or in which scientific or technical con- 
siderations are of major significance; and 

**(2) opportunities for, and constraints on, the use of 
new and existing scientific and technological 
capabilities which can make a significant con- 
tribution to the resolution of problems identified 
under paragraph (1) of this subsection or to the 
achievement of Federal program objectives or 
national goals, including those set forth in sec- 
tion 101(b) of this Act/* 

The goals set forth in Section 101(b) arc generally 
concerned with advances — domestic and international. 



intellectual and material, personal and social— to which 
American science and technology can contribute. 

Although this is the first Five-Year Outlook on science 
and technology to be prepared in response to this specific 
congressional directive, it is not the first time an agency 
of the United States Government has been asked to as- 
sess future opportunities and problems associated with 
the effects of science on issues of national concern. One 
noUble precursor was Science— The Endless Frontier, 
^ written in 1945 by a task force headed by Dr. Vannevar 
Bush, Director of the Office of Scientific Research and 
Development during Worid War II, in tesponse to a re- 
quest from President Franklin D. Roosevelt for specific 
recommendations on how the scientific capabilities of 
the Nation could be used most effectively in peacetime 
to **create a fuller and more fruitful employment and a 
fuller and more fruitful life.**> 

The Bush report argued that since science had become 
essential to the national welfare, it had also become the 
proper concern of government. It recommended that the 
U.S. Government expand and improve its own research 
laboratories, encourage industrial research by changes 
in tax and patent laws, and v .Ter fellowship opportunities 
to assure a steady supply of talented, well-trained sci- 
entists. Its most emphatic and, at the time, most original 
recommendation was that the Federal Government should 
provide strong support for the conduct of basic research 
in the universities as the most effective means of assur- 
ing an adequate knowledge base for the country to draw 
upon in resolving problems it would incviubly confront 
in the future. 
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A comparison of the changes that have occurred in 
the size and character of American science and technol- 
ogy from World War II until the late 1960s* and from 
the late 1960s through 1979, provide a useful context 
for this Five-Year Outlook. 

The Bush report states that in 1940» the last full year 
before the United States entered the war, American 
u;yversities awarded slightly more than 1,600 PhD's in 
the mathematical, physical and life sciences.*^ By 1965 
the number of PhD*s awarded in those fields in the 
United States had risen to approximately 6,000.^ in that 
same year a total of 10,500 PhD*s were awarded in all 
fields of the natural and social sciences and engineering. 
Three years later that number was well over 14,000. In 
1965 slightly fewer than 500,000 full-time equivalent 
scientists and engineers were employed in research and 
development in the United States. Three years later their 
number was about 550,000. 

In 1940, according to the Bush report, expenditures 
for scientific research by the U.S. Government, by in- 
dustry and by the universities were $69 million, $240 
million and $31 million, respectively, totalhng $300 
million/* In 1965 total research expenditures in the 
United States had risen to $6.89 billion and by 1968 to 
$8 44 billion, with the U.S Government's contribution 
being approximately twice that of the private sector. In 
1%5. total university expenditures for basic research 
were $1 14 billion, with the bulk of those funds derived 
from the Federal Government. By 1968 university basic 
research expenditures had risen to $1.65 billion, repre- 
senting a 23 percent constant dollar increase over that 
three-year period.^ 

Clearly, the Bush report's general recommendations 
were at least consistent with, and were probably a prin- 
cipal stimulu:^ of, the spectacular growth of the Ameri- 
can scientific enterprise during the first two post-war 
decades. But that growth rate did not persist. The num- 
ber of PhD's awarded in the mathematical, physical and 
life sciences rose to almost 10,000 in 1970, but by 1977 
(the last year for which numbers are available) had de- 
clined to 8,600, which was roughly the 1968 level. Ap- 
proximately 17,400 PhD's were awarded by American 
universities in all science and engineering fields in 1977, 
with the social sciences accounting for the major portion 
of the increase as compared with 1968. Total full-time 
equivalent numbers for all scientists and engineers work- 
ing in R&D barely increased from about 550,000 in 1968 
to about 570,000 in 1977. Their number was estimated 
to have risen to 610,000 by 1979.« 

In 1977, total national research expenditures, in cur- 
rent dollars, were $15.32 billion, compared with $8.44 
billion in 1968. However, constant dollar expenditures 
for these two years did not differ appreciably. Indeed, 
the 1977 level represents a recovery from a decline in 
constant dollar expenditures that began in 1969 and con 



tinued through 1975. Total national constant dollar ex- 
penditures for research and development and for basic 
research conducted in the universities also dechned 
markedly during the early 1970s. However, by 1977 
both had again risen to approximately their 1968 levels. 

The situation has continued to improve. In 1979, total 
national expenditures for all research and for research 
and development (measured in constant dollars) were 
about eight percent above 1977 levels. By 1979, pri- 
vate industry 's contribution to total national research ex- 
penditures was almost two-thirds that of the U.S. Gov- 
ernment, while industry *s research and development 
expenditures approached equality with the government^. 
Constant dollar expenditures for all basic research m- 
creased by more than 14 percent, and for basic research 
conducted by universities they increased by almost 16 
percent. These latter increases reflect explicit decisions 
by the Carter Administration to make basic research a 
high priority item in each of its budgets.^ 

The leveling off of national expenditures for research 
and developmeixt which began in the late 1960s and per- 
sisted throughout most of the 1970s can be attributed 
largely to economic and demographic factors. The decline 
of Federal investments in research during the latter years 
of the war in Vietnam was panicularly striking. It is also 
worth observing that the sharply different growth trends 
from Worid War II to the late 1960s and from the late 
1960s to the present are paralleled by changes in the na- 
tional mood. The Bush report was written during the final 
months of a war that seemed, to many, to establish both 
undisputed worid leadership for the United States and a 
new unity of purpose among its citizens. Science and 
technology had been central to what President Roosevelt 
called the **vision, boldness, and drive** with which the 
war had been waged.® The "endless frontier** metaphor 
seemed entirely appropriate in 1945, for there appeared 
to be virtually no limit to what science and technology 
could accomplish for the United States, or what the United 
States could accomplish both for itself and for the world. 

By the mid-1960s that sense of national unity and 
purpose had been dampened. Senous doubts were being 
expressed about the tacit assumption that economic 
growth was in and of itself an undisputed good. Science 
and technology, a^ major contributors to growth, were 
being implicated in some quaners as major contributors 
to the adverse effects of growth. The war in Vietnam 
placed heavy pressures on the controllable parts of the 
Federal budget. And scientists and engineers themselves 
were beginning to see more clearly the wisdom inherent 
in the Bush rcport*s warning that "Science, by itself, 
provides no panacea for individual, social and economic 
ills/*^ 

President Carter's budget requests and his March 27, 
1979, science and technology message to the Congress 
have demonstrated his strong commitment to scientific 
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research. Recent annual increases in total Federal sup- 
port for research and for basic research conducted by 
universities, measured in current dollars, have been at 
least as high as they were during the. early 1960s. Un- 
fortunately, continuing high inflation rates have resulted 
in a diminution cf increases in constant dollar terms. 
However, the opportunities to advance knowledge and 
understanding over a wide range of scientific disciplines 
are in no way diminished. The metaphor of the endless 
frontier of the mind and spirit persists for most of those 
directly engaged in scientific research. Among scientists 
and engineers, only a few here and there perceive inter- 
nal limits to the potential achievements and benefits of 
science and technology. 

The non-scientist public, for its part, seems to have 
adopted an attitude of watchful expectation toward sci- 
ence and technology. Opinion polls indicate that a clear 
majority of Americans remain supportive.*" But proba- 
bly few believe, if they ever did, that science and tech- 
nology offer unique or easy solutions to problems of 
individual and social concern. Many are prepared to be- 
lieve that science and technology still hold great promise 
for the Nation. But many also want to know exactly how 
science and technology can be brought to bear on prob- 
lems of national interest, and what the economic and 
social costs and benefits of various feasible options will 
be. 

The Caner Administration's strong commitment to 
research offers considerable hope that the period of in- 
creasing investments will continue into the 1980s. 
Hence, the present is an especially opportune time to 
assess the potential of American ^^ience and technology 
to provide insights and tools to contribute to the diag- 
nosis and solution of the many problems the Nation will 
face during the first half of the 1980s. 



HOW PREDICTABLE ARE SCIENCE AND 
TECHNOLOGY? 

Several questions arise in any attempt to assess future 
problems and opportunities for science and technology 
and their future impacts on national policy concerns. 
Perhaps the most difficult of these has to do with the 
different time scales of science (particularly basic re- 
search), technology and the legislative process. 

Basic research is a quest for new knowledge about 
questions that have been posed in a general way since 
antiquity What is the nature of matter and of the uni- 
verse? What is the nature of life? What is the nature of 
human society? Data are acquired, and cause-and-effect 
relationships are sought among those data. Occasionally, 
recognition of a certain causal pattern leads to a profound 
new insight which points an entire discipline in a new 
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direction (or even establishes a new discipline) and ne- 
cessitates a new program of data collection and the 
search for new patterns. It is not too difficult to predict 
the minimum level of progress that a field of basic re- 
search will achieve in five years, at a particular level of 
support: one simply assumes that data will be acquired 
at a rate limited only by resources. But there is no way 
to predict if, when, or whether a fruitful new pattern 
may be recognized to upset the conservative predictions. 
By the same token it is almost impossible to predict 
anything about a particular subfield of basic research 
twenty years from now. For unless a line of inquiry 
yields useful insights within that time limit, the inquiry 
will probably be altered significantly, and may even be 
abandoned as fruitless. 

Technology focuses upon the solution of more spe- 
cific, practical problems by drawing, in large part, on 
existing knowledge and theory. For that reason its future 
course can be assessed with greater confidence. If ade- 
quate support and a sufficient scientific base exists, time 
periods on the order of a decade are required to initiate 
and carry a development to completion. Thus most tech- 
nological innovations that arc likely to be available in 
five years are already, today, in an advanced stage of 
development. Major new insights denved from basic and 
even applied research arc unlikely to accelerate such de- 
velopments, though they may suggest more effective 
ways to proceed in the future. Twenty-year predictions 
for developments requiring a decade to complete are 
more difficult to make, since new research results can 
make a significant difference if they are incorporated at 
the initial planning stage. Such predictions are somewhat 
more reliable for developments that approach or exceed 
a twenry-year time scale, though even in these cases new 
research results can alter both the course and prospects 
of those developments. 

How, then, can statements that are useful to policy- 
makers and that have significance over a five-year time 
scale be made about opportunities and problems for sci- 
ence and technology? One answer assumes that, barring 
a severe national emergency (such as war or a major 
depression), most of the important social and economic 
effects of science and technology that will be apparent 
in five years will be the result of discoveries already 
made and developments already well underway. Deci- 
sions about priorities for science and technology made 
during the next five years, however, can and will have 
measurable effects in the period beyond the next five 
years. Thus, a five-year outlook can describe laboratory 
and technological developments now underway whose 
effects are likely to be apparent in five years. It can 
point to areas of scientific research that are likely to 
yield sufficient results in five years to permit us to define 
the prospects for particular lines of technological inno- 
vation. Finally, ^ five-year outlook can speculate about 
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possibilities that could exist in the more distant future, 
given the persistence of present trends, suggest the types 
of policy decisions and preparations that would have to 
be made during the next five years to realize or change 
those possibilities, and explore the broad social conse- 
quences that might follow if those long range possibili- 
ties were realized. 

All three types of statements appear in this Five-Year 
Outlook. 



PLAN AND PREPARATION OF THE FIVE-YEAR 
OUTLOOK 

When the National Science Foundation initiated the 
design of this, the first Five-Year Outlook prepared in 
response to the Science and Technology Policy, Orga- 
nization and Priorities Act of 1976, it was aware that 
no real models or prototypes existed for the type of re- 
port defined by the Act. Consequently, the Director of 
the National Science Foundation, in consultation with 
the Office of Science and Technology Policy, decided 
that this Five-Year Outlook shoulu be regarded as an 
experimental, pilot project that would be useful in its 
own right, and could also provide guidance for the prep- 
aration of subsequent Five-Year Outlooks. 

It was further decided that the Five-Year Outlook 
would be prepared in two steps, and that decision is 
reflected in its structure. In the first step, self-contained 
contributions were invited from several different sources. 
These contributions sample the views of scientists, en- 
gineers, administrators, and policy researchers about 
problems and opportunities; in science and technology 
and about the probable impact of science and technology 
on issues of policy interest. In the second step, oppor- 
tunities, problems and policy questions that appear to 
warrant special consideration during the next five years 
were extracted from these sources and synthesized under 
eight topical headings. 

Thus, the source materials which make up Volume 
II are divided into three sections: (I) a report prepared 
by the National Academy of Sciences (NAS) which fo- 
cuses on current and emerging problems and opportun- 
ities in selected areas of science and technology; (2) 
reports prepared by 21 U.S. Government agencies that 
discuss opportunities and problems in thj relationships 
of science, technology and public policy from the per- 
spectives of the individual agency missions; and (3) pa- 
pers commissioned from individual specialists which 
provide their views and assessments concerning the re- 
lationships between science and technology, public poN 
icy and practice and selected socioeconomic goals. The 
views expressed by the National Academy of Sciences* 
report and by the specialists who contributed policy-ori- 
ented papers to Volume II are their own and do not 



necessarily reflect the views of the Director of the Na- 
tional Science Foundation or the United States Govern- 
ment. However these contributions, together with the 
U.S. Government agency reports, do provide a broad, 
if necessarily incomplete, range of perspectives on prob- 
lems and opportunities in the relationships of science, 
technology and other areas of public concern. 

The contents of Volume I were written entirely by the 
National Science Foundation, which bears sole respon- 
sibility for them. The topical syntheses that follow this 
Introduction are based, in part, on a preliminary analysis 
of the source materials by Dr. John Pierce, Professor of 
Electrical Engineering, California Institute of Technol- 
ogy. They highlight the source materials by identifying 
and describing the most significant opportunities and 
problems in several broad areas — for example, energy, 
materials, agriculture, and health — in which science, 
technology and public policy and practice are interre- 
lated. Although the source materials include reports from 
services and agencies of the Department of Defense, 
subjects strictly taken from defense science and tech- 
nology are not discussed in the summary sections that 
follow. Such discussions would require access to mate- 
rials that are unavailable to the general public for reasons 
of national security. 

Volume I also includes a synopsis of the agency re- 
ports and commissioned papers, which was prepared by, 
and is the responsibility of, the National Science Foun- 
dation. This synopsis is intended to serve as a guide to 
these materials. The views expressed in the synopsis of 
the commissioned papers, like the papers themselves, 
are not necessarily those of the Director of the National 
Science Foundation or the United States Government. 
Acknowledgements and an analytical index to both vol- 
umes complete Volume I. 

Each of the contributions to the source materials that 
appear in Volume II was reviewed and in most instances 
revised before the final manuscript was assembled. In 
addition, the complete draft manuscript of both volumes 
was evaluated late in October 1979 by reviewers repre- 
senting the perspectives of state and local government, 
academia, industiy, professional scientific and engi- 
neering societies, law, medicine and the broader public 
interest. Many of the comments and suggestions made 
by reviewers have been incorporated into this Five-Year 
Outlook. Others will shape the design of the next Five- 
Year Outlook. 

The methods that were used to prepare and evaluate 
the materials of Volume II varied, depending on their 
nature and source. The report of the National Academy 
of Sciences (NAS) was prepared by a steering committee 
chaired by Dr. Ralph E. Gomory of *he International 
Business Machines Corporation and composed of those 
who were principally responsible for the preparation of 
the chapters. NAS established a two-tier review proce- 
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dure: a review of initial drafts by members of the NAS. 
the Institute of Medicine, the National Academy of En- 
gineering, and units of the National Research Council; 
and a final review, before release of the report to the 
National Science Foundation, by the Governing Board 
of the National Research Council. The final report was 
transmitted to the National Science Foundation on March 
30, 1979. A commercially published edition is available 
from W.H. Freeman and Company, San Francisco. 

Contributions to the Five-Year Outlook were re- 
quested from all U.S. Government departments, agen- 
cies and bureaus whose estimated obligations for re- 
search and development for fiscal year 1978 exceeded 
$100 million. The Department of Housing and Urban 
Development, the Department of Stale, and the Food 
anc' Dnig Administration were also invited to submit 
reports. Collectively, these 21 departments, agencies 
and bureaus are responsible for 97 percent of the total 
Federal obligations for research and development. In re- 
questing contributions to \ht Five-Year Outlook from the 
heads of these organizations, the Director of the National 
Science Foundation emphasized the importance of ad- 
dressing their respective concerns in the context of the 
National Science and Technology Policy, Organization 
and Priorities Act of 1976. Individual reports were eval- 
uated and cleared according to the internal procedures 
of the respective organizations, and with the cooperation 
of appropriate examiners of the Office of Management 
and Budget, before release to the National Science Foun- 
dation in late August 1979. The full set of reports was 
tnen edited to achieve a consistent formal. 

Topics and authors for the individual commissioned 
papers were determined by the National Science Foun- 
dation staff following consultations with individuals 
from a broad range of organizations, including academic 
institutions, private industry, labor, public interest groups, 
and from several U.S. Government agencies, including 
the Office of Science and Technology Policy. Drafts 
were sent to technical experts for review. Most of the 
drafts were revised by their authors to incorporate the 
significant comments of those reviewers. The last of the 
revised papers was delivered to the National Science 
Foundation by mid-September 1979, after which the full 
set was edited to achieve a consistent formal. 

Shortcomings were expected, and some of those that 
are now apparent should be mentioned. Given the scope 
of all science and technology in the United Stales, as 
well as the size of the family of disciplines that comprise 
science and technology, it could not be expected that the 
report would cover all important fields or all significant 
national policy concerns related to them. The topical 
syntheses of Volume I are based on the materials in 
Volume II and of necessity reflect their selective ap- 
proach. The selections made by the National Academy 
of Sciences* report were not intended to reflect relative 



merits or priorities and many significant areas, such as 
mathematics, chemistry and many of the social sciences, 
were deferred for inclusion in future reports. The set of 
commissioned papers is intended to illustrate several 
types of interactions among science, technology and cur- 
rent national concerns rather than to represent the entire 
range of significant policy issues associated with science 
and technology. They were written by individuals who 
were asked to provide their expert views rather than the 
consensus of an entire scholarly field. In some cases 
more than one paper on a particular issue was commis- 
sioned in order to present alternative views or assess- 
ments. Discussions of several additional policy issues, 
including the status of basic research in industry, the 
comparative performance of U.S. technology, commer- 
cialization of science and technology, risk assessment, 
and science literacy, appear in the first and second An^ 
nual Science and Technology Reports^ which were also 
prepared in response to Public Law 94-282. 

Since contributions to the source materials were pre- 
pared by different individuals or organizations, they 
inevitably reflect the expertise and perspectives of their 
authors. And because most of these contributions reviev/ 
current and immediate problems and opportunities rather 
than attempt to provide original insights, much of the 
information in Volume II can be found in other published 
sources. Thus, this Five-Year Outlook's primary claim 
to originality must rest upon the assembly, organization 
and interpretation of the information and insights derived 
from diverse sources. It presents a collage of problems 
and opportunities over a broad range of science, tech- 
nology and policy rather than a set of individual in-depth 
studies. 

A good deal of the material in this Five-Year Outlook 
is concerned with the relationships of science and tech- 
nology with other sectors of society. Therefore, devel- 
opments in areas outside of science and technology (in- 
ternational upheavals, the stale of the national economy, 
or particular legislative initiatives) will limit the relia- 
bility of conjectures about the future. In many cases 
trends in these areas may be even more difficult to pre- 
dict than are trends in science and technology. 

Finally, no attempts have been made to provide quan- 
titative predictions of likely developments of policy in- 
terest, although available assessments based in part on 
such prediction (in the summary discussion of energy 
supplies, for example) are referred to when they are re- 
garded as reliable. Quantitative techniques do exist for 
making forecasts about econometric and demographic 
aspects of issues of national concern. But the method- 
ology for carrying out quantitative forecasting of other 
aspects of these issues is not available. 

Despite these limitations, the National Science Foun- 
dation believes that this Five-Year Outlook provides a 
useful sample of the range of current problems and op- 
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portunities associated with the mutual relationships of 
science, technology and society. It remains to be seen 
whether it will also serve the stated objective of sening 
a useful precedent for the design and production of future 
Five-Year Outlooks. The attainment of that objective 
will require, at a minimum, that users and potential users 
make their comments, suggestions and criticisms known 
to the National Science Foundation. 
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The Outlook: Topical Syntheses 



The source materials that comprise the second volume 
of this Five-Year Outlook identify many contributions 
that science and technology can make to illuminate and 
resolve problems of national concern. Some of these 
opportunities and problems arc unique to a particular 
field of effort or to a specific type of institution. Others 
emerge, with some variation, from several contributions, 
suggesting that they have broader significance. 

This section summarizes the most important infor- 
mation in the source materials under eight topical head- 
ings, and is intended as a guide to the source materials. 
The eight topics do not exhaust the discussions in the 
source materials of the probable directions for science 
or for technology or the issues that they raise for public 
policy considerations. The topical syntheses do, how- 
ever, cover most of the areas of agreement among con- 
tributors on problems, opportunities, and near-term 
trends. 

The topical headings are; 

1. Energy 

2. Materials 

3. Transportation 

4. Space 

5. Agriculture 

6. Health 

7. The Electronic Revolution 

8. The Perception and Management of Hazards and 
Risks 

Abbreviations in parentheses refer to source materials. 
Chapters from the National Academy of Sciences report 
are referenced as ''NAS,*' followed by the chapter num- 



bcr, U.S. Government agency reports are referenced by 
the abbreviated agency name, as given in parentheses in 
the Table of Contents; and commissioned papers are ref- 
erenced by the name of the author. 

1. ENERGY* 

Some Problems Are: 

• How to improve the availability of adequate and 
safe energy supplies for the Nation's needs, for 
now and in Ihe long-range future. 

• How to conserve limited energy supplies with 
minimal disruption of our society. 

• How to improve public understanding of hazards 
and benefits associated with energy supply and 
use. 

Some of the Opportunities for Using Science and 
Technology Are: 

• To reduce energy use and reliance on uncertain 
energy sources wherever possible by conserva- 
tion and by material and functional substitution. 



* This section draws upon the Department of Energy's Nattonat En- 
ergy Plan II, released in May 1979, in addition lo other sources. 
References to this source arc designated "NEP 11.** 
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• To improve the use of both coal and uranium as 
energy sources. 

• To explore and develop new domestic sources of 
fossil fuels. 

• To improve extraction efficiencies of fossil fuels 
from existing sources. 

• To pursue research and development aimed at 

(a) the greater use of renewable resources; and 

(b) the eventual primary use of solar and ad- 
vanced nuclear energy sources. 

OVERVIEW 

The United States requires vast amounts of energy to 
maintain the high quality of life of its citizens. Most of 
that energy now comes from nonrcnewabXe fuel source^: 
petroleum, natural gas, coal, and uranium from rich 
ores. Three-quarters comes from oil and natural gas 
which are being used at ever-growing rates while world 
supplies are being depleted. Most transportation and 
most space and industrial heating and cooling also de- 
pend on these two sources. Coal and uranium presently 
provide 22 percent of the Nation's energy and are used 
primarily lo generate electricity (NAS 5, DOE, NEP 11). 

Unle&s the United States reduces dependence on im- 
ported fuels, continuing trade deficits and dislocations 
in its economy can be expected. Studies of trends and' 
of available technologies and resources indicate that this 
challenge can be met only by conserving energy and 
shifting toward a greater reliance on coal and, ulti- 
mately, on renewable and advanced nuclear energy 
sources (NAS 5, DOE). 

Efforts to conserve energy and to shift toward alter- 
native energy sources depend heavily on science and 
technology and also involve policy decisions that require 
support from an educated public. To a major extent, they 
must also take place in sequential steps. Some of the 
important steps cannot be started during the next five 
years. Indeed, they cannot take place at all unless earlier 
steps have been successfully completed (NEP 11). Theie- 
fore, the Nation's long-range energy future will depend 
critically upon decisions made during the next five years 
to implement these earlier steps. 

The Department of Energy's national energy strategy 
conveniently groups these steps into three sequentiaJ 
phases. The First or near-term phase extends over the 
next five years. The second or mid-term phase extends 
from 1985 to 20(X). The long-term phase begins with the 
year 2000 and extends into the indefinite future (NEP 
11), 

During the near-term phase, the next five years, two 
kinds of activity will be emphasized. First, conservation 
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and energy resource development will be continued. 
Second, scientific research and development to lay foun- 
dations for the mid-term and the long-term phases will 
be pursued. 

Petroleum and natural gas are expected to remain as 
important components of the Nation's energy base until 
the end of the century. However, the mid-term phase 
should be characterized by a decreasing dependence on 
these fuels and a corresponding increasing reliance upon 
coal, liquid and gaseous coal derivatives and conven- 
tional, light water nucleai' reactors. Solar and geothermal 
sources are expected to make a relatively small but in- 
creasingly important contribution during this phase 
(NAS 5, DOE, NEP 11). 

Coal and uranium can remain as significant energy 
sources well into the long-term phase provided a number 
of formidable technological and environmental problems 
arc solved. Energy strategies for the long-term future 
also envision heavy reliance on solar energy and, hope- 
fully, nuclear fusion energy. A great deal of research 
and development must precede the implementation of 
technologies to supply long-term U.S. energy needs. But 
since they use resources that an; plentiful, renewable or 
inexhaustible, their promise must be pursued (NEP II, 
NAS 5). 

Impending changes in the types of sources that con- 
stitute the Nation's energy base, even if the changes are 
years away, will require some changes in styles of living 
and working. Sharply rising gasoline prices have already 
altered driving habits somewhat, and near-term measures 
designed to conserve fuels will alter other habits. More 
fundamental changes are likely to occur, starting in the 
near term. For example, coal, nuclear fission and fusion, 
and a good many proposed geothermal and solar systems 
yield electricity as their directly usable product. Liquid 
or gaseous fuels can be extracted from coal, oil shale, 
and some agricultural products. However, the costs of 
liquid fuels are liktiy to be high relative to present costs 
of petroleum products and naniral gas. For these reasons, 
a long-term shift to a more electrically oriented society 
is a real, though uncertain and controversial, possibility. 
This shift may require policy choices on such matters as 
public support for the development and commercializa- 
tion of off-peak storage sytems; substantially electnficd, 
mass ground transport; and increased use of heat pumps 
for heating and cooling buildings (NAS 5), 

CONSERVATION AND ENERGY RESOURCE DEVELOPMENT 

Conservation is the more immediate of the near-term 
priorities. Two strategies are being pursued, both of 
which require some adjustment in industrial practice and 
public use. In the near tern), in fact immediately, Amer- 
icans can simply use less energy. Regulations such as 
those regarding tempcraUires in public buildings and the 
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55 mph highway speed limit will serve this aim, as will 
reduction in the use of private automobiles. The second 
conservation strategy will be primarily carried out in the 
mid term; it requires more substantial changes in the 
ecofiomic stnicture of daily living: for example, new, 
less energy.intensive manufacturing and agricultural 
practices, and changes in housing and (ransporution de- 
sign. Passive solar heating can save oil and natural gas, 
and it is in tliis way that solar energy is likely to make 
one of its most important mid-term contributions. These 
changes are intended to conserve energy by using it more 
efficiently. To have appreciable effects in the mid term 
tbcy must be planned during the next five years, largely 
on the basis of scientific knowledge that is already avail- 
able (NAS 5, 6; USDC; DOE; DOT), 

It has been speculated that communications might 
save energy by reducing transportation needs, although 
the evidence on this point is still uncertain. Instead of 
having to travel to a bank to make financial transactions, 
people can make more use of the telephone and elec- 
tronic funds transfer systems. Communication by means 
of electronic mail and conferences by means of com- 
puters are now feasible and will probably be used more 
during the next five years. What is uncertain is whether 
this will actually substitute for transportation or whether 
it will iiiercly facilitate decentralization, which may ac- 
celerate transportation demands (NAS 4, 6). 

Energy can also be conserved by using available ma- 
terials technology. For example, a recnnl technological 
developmcm, directional solidification of molten nickel- 
based superalloys, endows them with high-temperature 
strength. Controlled solidification can produce single- 
crystal turbine blades, use of which promises to extend 
the 'performance, life, and efficiency of gas turbine en- 
gi;ics (NAS 6). 

Other savings through materials science are feasible, 
and some seem likely to be realized in the mid-lerrn 
phase: fiuorescenl lights with improved efficiency and 
color may find greater use for belter home lighting; in- 
dustrial plants may heat themselves with process heal; 
supcrconduclors may improve the efficiency of genera^ 
tors and motors; ceramics may be employed in turbines 
and heat exchangers for greater energy efficiency; 
iighler metals may be used more extensively in car> for 
improved gas mileage; and such r^w encr^y-conserving 
technologies as the chloride cell for refining aluminum 
may be used (NAS 6, NSF). 

Additional progress should also be made toward rt- 
cycling materials Recycling aluminum saves 95 percent 
of the energy needed to make new metal from bauxite. 
Recycling manufactured products as opposed to recover- 
ing the materials they contain also olTers significant po- 
tential for recovering the energy invested in their man- 
ufacture It would yield the additional benefit of reducing 
the solid waste resulting from manufactured products. 
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In addition, a change from mechanical to electronic tech- 
nologies in many applications may increase the durabil- 
ity of products and thus decrease materials needs for 
manufacture and replacements (NAS 6). 

During the next five years the United Stales should 
lay the foundations for both its mid-tcnn and long-term 
energy future. The mid-term future will rely on tech- 
nologies that arc now being developed or for which a 
scientific basis already exists (NAS 5, NEP II). 
Throughout Ae mid term the energy choices will be 
mainly limited to ;jxisting fuels. Therefore it is crucial 
that new, reliable, nonrenewable resources be located 
and known sources evaluated. Satellites can help locate 
oil fields and sources of geolhemiaS energy during the 
next five years. Such techniques as multichannel seismic 
reflection and the use of submersiWei^ and drill ships can 
be improved to help find petroleum and gas in the sea 
bed (NAS 5, DOE, OS, NASA). Technologies must also 
be refined for more efficient extraction of oil and natural 
gas from existing sources, including sources that have 
been abandoned (NEP II). 

COAL 

During the mid term, the United States will have to 
begin to shift from reliance on oi! and gas to forms of 
energy which are more costly to convert to ulilizable 
forms, primarily coal and nuclear fission. Because coal 
and nuclear energy offer both opportunities and major 
unsolved technological problems, the Nation must pre- 
pare to use both sources, while we decrease reliance on 
oil and natural gas. la the near ♦erm, attempts will be 
made to solve scientific and technological problems af- 
fecting the use of both sources (NEP II). 

Coal is the Nation's most abundant fossil fuel; even 
the most conservative estimate forecasts enou'ih for at 
least a century so that, were the size of the reserve the 
only obstacle, coal could be relied on as a brdgc into 
the long term. All mid-term energy options place heavy 
reliance on 'he use ot domestic coal supplies. Coal can 
be used to supply electricity by direct combustion. Along 
with oil shale, ft seems to be the best source for making 
synthetic gaseous and liquid fuels (NAS 5, DOE). 

Tilt following costs associated with the Nation*., :n- 
creasing reliance on coal will have to be studied in the 
next five year's. New facilities, some quite large, will 
have to be consurucicd for mining, transporting and burn- 
ing cgal and for extracting synthetic f jels from coal and 
oil shale. Combustion produces pollutants, and contrib- 
utes io a global increase in aimosphenc carbon dioxide. 
Large-scale use of coal involves increased strip mining 
with its attendant .environmental probleitis and increased 
use of water resource:*. Assessments of the long-term 
environmental effects of these problems will require 
near-ierm research to gain more knowledge of global 
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climatic conditions and changes in those conditions, and 
to assess the Nation's available groundwater resources 
(NAS 5, DOE, EPA, GS). 

The increased cumulative buildup of atmospheric car- 
bon dioxide and its effects on global climatic conditions 
will ultimately limit the use of coal and coal derivatives 
as energy sources. Advanced technologies that yield 
more usable energy for a given amount of coal may well 
be feasible and should be regarded as important options. 
However, considerable economic and environmental 
damage could result from placing too heavy a reliance 
on coal in the absence of technologies that can deal with 
the problems its use entails (NEP II). 

NUCLEAR nssION 

Since coal probably cannot supply all of the Nation's 
mid-term energy needs without causing severe problems, 
nuclear fission must remain an important option. Oth- 
erwise the Nation will not be able to effect a sufficient 
reduction in imported petroleum. A balanced energy 
strategy requires tiiat nuclear fission should provide one- 
fiftii of tiie Nation's energy supply by 1985. At present, 
and during most of tiie rest of tiie century, light water 
reactors which use enriched uranium fuels will account 
for almost all of tiie energy derived from nuclear fission. 
During tiie next five years efforts will be continued to 
resolve reactor safety and radioactive waste disposal 
problems, botii of which presentiy threaten to restrict the 
nuclear fission option (NAS 5, DOE, NRQ. 

Conventional light water reactors use nuclear fuels 
inefficiently and will eventually deplete most known 
available sources of rich ores. Thus, if nuclear fission 
is to help meet the Nation's long-term energy needs, 
progress must be made toward the development of ad- 
vanced reactor technologies in the near-term future. 
Breeder reactors would produce plulonium-239, itself a 
nuclear fuel, at the same time that they generate elec- 
tricity. Thus, the use of breeder reactors would yield up 
to 70 times the amount of energy from a given amount 
of uranium than is possible from light water reactors, 
and uranium could therefore become a plentiful rather 
than a scarce fuel. However, for full advantage one 
needs to reprocess and recycle spent fuel elements to 
recover the plutonium-239 that is manufactured. The re- 
covery processes would raise problems associated with 
the fact that the plutonium-239 recovered by current re- 
processing technologies can be used to produce nuclear 
weapons. For this reason the Administration has deferred 
a decision about whether to proceed with a demonstra- 
tion of the feasibility of breeder reactors until an inter- 
agency review and an International Nuclear Fuel Cycle 
Evaluation are completed. However, research and de- 
velopment on the science and technology of breeder re- 
actors, if carried out in the next five years, would allow 



commercial development consistent with non-prolifera- 
tion policies (NAS 5, NEP II). 

A possible alternative to tiie breeder reactor may be 
the development of advanced converter reactors. Can- 
ada's CANDU heavy water reactor, if redesigned to ac- 
cept slightiy enriched uranium in a once-through cycle, 
would be an example. By comparison witii its light water 
counterpart, such a reactor would use only about half as 
much uranium to generate tiie same amount of energy 
witii linle or no fuel reprocessing (NAS 5). 

Development of a national nuclear energy program 
will depend at least as significantiy on a political and 
public consensus as it will on scientific and technological 
advances. The Three Mile Island accident and public 
Uncertainties about risks associated with nuclear fission 
as an energy source have emphasized this principle once 
again. More generally, implementation of any energy 
strategy depends on decisions by an educated public. 
The American public needs scientific and technological 
information to better understand not only the costs, risks, 
and benefits associated with individual energy options, 
but also the long-range economic and social costs of 
foreclosing any option. Thus, present efforts to improve 
public understanding of technical issues must be contin- 
ued and intensified in the near term (NAS 5, NRC, 
Nelkin). 

GEOTHERMAL AND SOLAR SOURCES 

Geothermal technologies make use of the natural heat 
stored in the earth and use the following main sources: 
hydrothermal sources, such as geysers; geopressured 
sources containing dissolved natural gas; and hot dry 
rock. They are expected to provide some of the energy 
needs of some regions of the country, by the end of the 
mid term. But, in order to get substantial energy from 
these technologies, research must develop new tech- 
niques for locating geothermal resources, for direct heat 
applications of geotiiermal fluids, and for development 
of new drilling technology (DOE, NEP II). 

Solar energy reaches the eanh in the form of visible 
and invisible radiation, and manifests itself in several 
ways: as light and heat; in the growth of plants that thus 
act as solar energy storage systems; and as one important 
governor of the circulation of the earth's atmosphere and 
its ocean currents. The problem of using solar energy, 
in all cases, is to find economically competitive ways to 
convert the energy into usable forms. 

* "Passive" solar hot water and space heating systems 
arc already in use, and will surely be used even more 
because rising costs of heating oil and gas will maKc 
them economically competitive. Commercialization of 
other conversion technologies must be preceded by con- 
siderable research and development. Several types of 
systems show promise of more widespread use before 
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ihc end of the century: active solar space heating sys- 
tems, wind energy conversion systems, and systems for 
conversion from biomass to liquid fuel. The burning of 
non-commercial woods and agricultural waste products 
at or near the place they are produced (perhaps on farms) 
yields energy while avoiding most transportation costs. 
Making alcohol from agricultural wastes and adding it 
to gasoline to make gasohol is technically feasible; the 
ccononiic feasibility of the process should become 
clearer within the next five years (NAS 5, NSF, DOE 
NEP II). 

Costs associated with the widespread use of solar en- 
ergy need to be assessed in more detail. Extensive bio- 
mass conversion might divert considerable agricultural 
land from food production. Moreover, all solar energy 
conversion systems require a considerable investment of 
nonrenewable and energy-intensive mineral resources 
which partly offset the abundance and cheapness of the 
energy source itself. One of the principal objectives of 
solar energy research is to find ways of reducing these 
ancillary resource requirements. To the extent that this 
goal is achieved, solar energy is increasingly likely to 
become a primary option for the Nation's long-term fu- 
ture (NAS 5, NEP II). 

NUCLEAR FUSION 

Nuclear fiision, the process through which the sun 
converts its mass into energy, might also provide an 
important option for the long-term future. Most designs 
that are regarded as feasible would use lithium, a rela- 
tively abundant element, as a fuel. Exceedingly high 
temperatures need to be aUained before fusion reactions 
can be initiated. In the process, the atoms of the fuel 
lose several electrons and the fuel itself becomes a 
plasma; that is, a hot, charged, ionized gas. Scientific 
knowledge about the properties of plasmas is far from 
adequate. The technical problems involved in raising 
plasmas to sufficiently high temperatures for fusion to 
occur and confining them to small volumes at those tem- 
peratures are formidable and have yet to be resolved. 
During the next five years, research on the properties of 
plasmas and engineering studies aimed at solving major 
technical problems will be pursued with the objective of 
demonstrating the engineering feasibility of fusion as an 
energy source sometime during the mid-term future. 
Even if these demonstrations arc successful, the first 
commercial use of fusion will not occur until the 2 1st 
century. Since the ultimate promise of fusion as an en- 
ergy source is large and the problems of successful im- 
plementation arc formidable, international cooperation 
with several countries in fusion research and develop- 
ment has been initiated and is expected to substantially 
reduce the costs of these activities to the United States 
(DOE. NEP II). 
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2. MATERIALS 



Some Problems Are: 

• How to improve the continued availability of es- 
sential nonfuel materials for the Nation's needs. 

• How to encourage urgently needed conservation 
of, and substitution for, scarce materials, or 
those particularly susceptible to supply interrup- 
tions for political reasons. 

• How to improve capabilities to develop new 
classes of materials that will be needed for future 
innovations. 

Some of the Opportunities for Using Science and 
Technology Are: 

• To improve the extraction of raw materials from 
existing deposits. 

• To improve technologies for recycling materials. 

• To find new deposits of raw materials and eval- 
uate existing deposits, using remote-sensing and 
other methods. 

• To develop metals, ceramics and polymers with 
improved characteristics. 

• To test domestic plant species as renewable 
sources of substitutes for petroleum-based chem- 
icals and other scarce organic substances. 

OVERVIEW 

Industrial activities in the United States depend on a 
continuous supply of nonfuel materials. These include 
both common metals and alloys and a number of highly 
specialized materials. These specialized materials have 
been — and are being — developed in response to a range 
of needs. Examples of developments that show consid- 
crable future promise include: low-cost solar cells for 
converting sunlight directly to electriciiy; more efficient 
lighting with improved color; environmentally safe re- 
placements for polychlorinated biphcnyls (PCBs); new 
infrared detector materials capable of locating objects by 
their heat emissions; dielectric materials for high-dcnsity 
energy storage; fiber optics with improved message ca- 
pacity; high-performance metal, polymer, ceramic, and 
composite replacements for missing or defective limbs, 
joints, or other parts of the body; low-cost silicon chips 
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for use in increasingly complex integrated circuits; and 
new magnetic materials for use in computer memories 
(NAS4. 5. 6; DOE; NIH). 

However* several factors threaten to limit the ability 
of the Nation's materials industry to meet the rising de- 
mand for its products, including new, specialized prod- 
ucts and traditional ones as well. These factors include: 
a growing dependence on foreign sources of raw mate- 
rials; increasing competition from other countries for 
world supplies; higher costs of transport; uncertainties 
about innovation in the domestic, nonfuel minerals in- 
dustry; adverse environmental, occupational safety, and 
health effects associated with producing, using, and dis- 
posing of minerals and materials; and higher costs and 
possible shortages of energy. The materials indusuies 
tend to be energy intensive, and the declining quality of 
resources, the need for pollution controls, and the adop- 
don of many of the new technologies often increase en- 
ergy requirements (NAS 6, USDC, BM, State) in a 
changing world whose national rivalries and aspirations 
increasingly influence access to materials (State). 

Science and technology are making contributions in 
several categories to ensure that the Nation's material 
needs are fulfilled: exploration and extraction, conser- 
vation (including substitution) and processing, and ma- 
terials research and development. 

EXPLORATION AND EXTRACTION 

The most promising exploration and extraction strat- 
egies for improvement over the next few years irnrlude: 
environmentally acceptable mining of the remaining 
shallow, large-volu^nc deposits capable of producing 
yields of more than one substance; exploration and ex- 
traction of higher grade deposits at greater depths; de- 
velopment of improved geophysical and geochemical 
exploration techniques, including satellite remote sens- 
ing and deep drilling; and exploitation of potentially vast 
marine mineral resources (NAS 1 , 6; USDC; BM; GS; 
NSF; NASA; State). 

Information about natural resources will come from 
applications of new scientific knowledge about the earth. 
The theory of plate tectonics ranks among the great 
unifying ideas in scieiK:e, since it provides a conceptual 
framework for understanding and linking together a wide 
range of diverse processes that occur on the earth. A 
better understanding of these processes will continue to 
be sought, in part because they touch upon many issues 
that are likely to remain important during the next five 
years, including the location of mineral deposits (NAS 
I). 

Prospecting for minerals will soon be greatly facili- 
tated by a new system for airborne profiling of the tcr> 
rain. This system will permit rapid collection of three- 
coordinate position information and provide data for 



mapping on-surface subsidence, for strip-mine monitor- 
ing, and for other applications. The system is scheduled 
to begin operating in the early 1980s (GS). 

Improved mine safety is an important factor in ma- 
terials technology. Probing radar has promise for pre- 
dicting mine cave-ins and slides, and research will con- 
tinue on safer hauling equipment, better emergency life- 
support systems, and new rescue technology to enable 
the mining industry to meet increasingly stringent safety 
standards (BM). 

A need exists for more adequate data and more refined 
assessments of a number of environmental, health and 
safety problems associated with minerals extraction; in 
particular: the effects of mining on surface and ground- 
water systems; the planning and design of mines, inr 
eluding reduction of health and safety hazards; waste- 
disposal systems; the effects of blasting; the economic 
effects of environmental and occupational safety regu- 
lations; pollution abatement; and technologies for land 
reclamation (BM, GS). 

New technologies developed in marine geology and 
geophysics will be used in the near future to explore the 
continental margins. The information will be used to 
assess the ocean's mineral, petroleum, and gas poten- 
tials, which may be vast (NAS 1). The technologies, for 
example, of multichannel seismic reflection systems, 
submersibles, and new drilling methods, are already 
available and will be used to penetrate more deeply into 
the oceans and bottom. Because deep sea mining is near- 
ing reality, it would be helpful to establish an interna- 
tional legal framework — particularly for exploitation be- 
yond national jurisdictions (NAS 1 , State). 

The issue of scientific research and resource devel- 
opment at sea seems certain to be of particular concern 
during the next five years. In addition, remote sensing 
of land resources by satellite is raising questions of na- 
tional security and national sovereignty. These issues 
will continue to be discussed in international forums dur- 
ing the next five years. Improved scientific understand- 
ing of the oceans and our ability to monitor their changes 
should help to reach agreement on international ocean 
management policies. The policies should ensure the 
equitable global access to the ocean's mineral resources, 
while conserving the marine environment and its living 
resources (NAS 1. State). 

CX)NSERVATlON 

Conservation is needed to reduce lo.ss of materials at 
all stages of the production cycle, from mining and ex- 
traction (tailings and slags) to product use (wear and 
corrosion) to ultimate disposal. Esnmatcs of Ics.s for 
common metals range from one-half to three-quarters of 
the amounts that enter the cycle. In addition to recovery 
efforts at the extraction and processing stages, three of 
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the potenliaJly most effective means for conserving ma- 
terials are improvement of product durability, substitu- 
tion, and recycling (NAS 6). 

Improved durability could effect large savings, for the 
processes of corrosion, fracture, and wear cause mate- 
rials losses of $70 billion per year in the United Slates. 
Research is underway aimed at a bener understanding 
of the fundamental physical and chemical mechanisms 
that affect durability in order to improve the performance 
life and quality of various classes of materials. In par- 
ticular, new methods for detecting wear and new surface 
treatments show promise of substantially reducing ma- 
terials losses (USDC, DARPA). 

In principle, considerable savings could also result 
through recycling of materials, which permits the recov- 
ery of some of the energy used in production and reduces 
harmful environmental impacts. Industry already recy- 
cles large amounts of waste, scrap, and discarded prod- 
ucts. The development of lower cost technologies that 
recover materials for reuse or for more efficient conver- 
sion to chemicals or fuels is an important objective, since 
such technologies would encourage more widespread re- 
cycling (NAS 6). 

SUBSTITUTION 

Conservation often comes from substitution of one 
material for another. Here the motivation to change usu- 
ally arises from such economic consideration as the cost 
of materials. During the next five years, substantial ef- 
forts may be made to develop substitute materials (e.g., 
high-strength polymers and ceramics) for energy-inten- 
sive or scarce materials (NAS 6, NSF). Development 
will continue on the use of platinum-coated parts as a 
substitute for whole platinum, on the use of recycled 
materials in asphalt pavement, and nn the substitution 
of iron-aluminum alloys for stainless steel (BM). 

Because composite materials are often stronger, lighter, 
and more durable than conventional materials, they can 
contribute greatly to materials savings. In order to in- 
crease industiial use, efforts to reduce costs, to identify 
causes of failure, and to develop more effective and re- 
liable testing and inspection methods arc certain to con- 
tinue (USDC). 

Before the end of the century there may be shortages 
of organic as well as inorganic raw matenals, particu- 
larly those that must be obtained from foreign sources. 
Rubber could become a scarce and uncertain commodity 
in the near future. A large number of industrial products, 
including pharmaceuticals, fertilizers, and pesticides, 
are derived from petroleum and are therefore expecteii 
to rise steeply in price as petroleum becomes more 
scarce. Therefore, the feasibility of using organic ma- 
terials extracted from domestic plants will no doubt re- 
ceive increasing attention during the next five years. At 
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present, research on the use of renewable substitutes fo- 
cuses on non-conmicrcial wood products and wild plants 
that grow well on poor scrubland. However, a strong 
shift from nonrenewable to renewable resources in the 
future could create land-use conflicts. In addition, inten- 
sive cultivation of plants for use of the materials they 
contain might require large amounts of such nonrenew- 
able resources as fertilizers and pesticides (NAS 6, NSF, 
Guither). 

PROCESSING 

EXiring the past half-century, research and develop- 
ment in materials processing have led to continuing re- 
finements which provide a good base for further progress 
in the next five years. The earlier accomplishments in- 
cluded automatic gauge control, electronic inspection of 
bars aiKl tubes, directional solidification, precision cast- 
ing, and cast-iron technology. For the near ftjture ad- 
vances are anticipated toward such industrial objectives 
as the production of supcrplastic metals using metal 
powders, ion implantation, the laser and electron beam 
treatment of surfaces to improve the wear resistance of 
metal parts, the development of high-speed metal re- 
moval processes, and the application of technologies 
from computer-aided design and computer-aided manu- 
facturing to produce parts in relatively small batches. 
Current efforts are expected to aim at developing ad- 
vanced processing systems that can reduce environmen- 
tal and occupational safety hazards without adversely 
affecting materials production (NAS 6. BM), 

Metallurgists do not expect to discover broad new 
classes of alloys in the near future. Rather, they envision 
that the properties of metals will be improved by mod- 
ifying their internal structures through more precise con- 
trol of the steps in fabrication, especially where defor- 
mation is involved. One example is the high-strength 
microalloy steels, which may be used increasingly m 
automobiles because they save weight (NAS 6). 

As mentioned in the preceding section on Energy, 
controlled solidification of nickel-based superalloys has 
led to the production of single-crystal turbine blades and 
vanes. These components are likely to be demonstrated 
in engines within the next five years and are expected 
to extend their performance life and efficiency (NAS 6). 

Synthetic polymers — plastics and synthetic rubber- 
are the fastest growing class of materials. Efforts arc 
expected to continue to develop low-cost polymer ma- 
terials with such improved properties as lightness, 
strength, flexibility, and resistance to heat (NAS 6). 

Ceramics also offer great technological challenges. 
For instance, silicon ceramics may eventually replace 
superalloys in gas turbines and may also be used to build 
heat exchangers. These applications will permit higher 
operating temperatures than in those where metals are 
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used and greater efficiencies than arc now common in 
energy-conversion devices. Significant progress toward 
solving the problem of failures by brittle fracture that 
now limits the use of silicon ceramics may occur during 
the next five years. Intensive studies will be conducted 
on the synthesis of silicon ceramics with unique prop- 
erties suitable for use in high-temperature structural 
components, refractories, and optical and electronic de- 
vices (NAS 6, NSF). 

Because of many factors — richer ores, cheaper en- 
ergy, cheaper labor, tax advantages, and less strict reg- 
ulations on pollution and occupational health and safety — 
companies in the United States and other natiolis will be 
tempted to shift basic materials extraction and processing 
operations overseas during the next few years. The neg- 
ative impacts of this possible trend must be assessed. 
They include loss of jobs in the domestic materials in- 
dustries, greater pressure on the balance of payments, 
and uncertainties in deliveries of materials (NAS 6). 

3. TRANSPORTATION 

Some Problems Are: 

• How to improve existing modes of transportation 
to meet the rising costs of fuel and the require- 
ments related to environment, health, and safety. 

• How to adapt the Nation's transportation systems 
to demographic changes and to changes in the 
character of cities. 

Some of the Opportunities for Using Science and 
Technology Are: 

• To use new materials, microcomputers, and 
other innovations to design more fuel-efficient, 
environmentally acceptable, and safer automo- 
biles. 

• To explore the feasibility of new, energy-effi- 
cient, urban transportation systems. 

• To develop transportation systems for the special 
needs of the elderiy and the handicapped. 

• To incorporate advances in electronics and space 
technologies into the design of safer, more effi- 
cient aircraft. 

• To exploit advances in electronics to substitute 
communication for transportation, where feasi- 
ble. 



OVERVIEW 

During the next five years, the Nation will face the 
challenge of moving an increasing number of people and 
a larger volume of goods at a time when traditional trans- 
portation fuels will become steadily more expensive and 
harder to acquire. 

During the last 150 years, first the railroads and then 
the private automobile and motor freight have enabled 
the Nation to improve its standard of living. Now there 
are indications that the era of transportation may be com- 
ing to a close, although this question is still a contro- 
versial one. Already we are replacing costlier modes of 
doing some things — driving to the bank, for example — 
with such newer, more efficient technologies as elec- 
tronic funds transfer (EFT) systems. The possibility of 
electronic mail and the increasing use of telecommuni- 
cations and computers are additional evidence that trans- 
portation, as a solution to many problems, may be giving 
way to communication technologies. This gradual shift 
will certainly continue during the next five years and 
into the longer range future. Certainly it will cause 
changes in transportation modes. However, because it 
will also facilitate decentralization, it may not reduce 
total transportation needs substantially (NAS 4, DOT, 
Dunn, Eberhard). 

AUTOMOBILES 

For most Americans, transportation means their own 
automobiles. But much of American industry and com- 
merce depends on different transportation systems- 
trucks, railroads, airplanes, and ships. All modes of 
transportation are having to adjust to increased aware- 
ness of environmental impact and an enormous rise in 
fuel costs. In addition, certain tiansportation systems 
have undergone specific changes — for example, safety 
and fuel regulations for automobiles and Federal de- 
regulation of airiines. Since many of these trends can be 
expected to continue, improved fuel efficiency will be 
a key issue for all transportation modes in the next five 
years (DOT). 

The Department of Transportation, in partnership with 
industry, intends to undertake basic research in auto- 
motive technology so that a **socially responsible*' ve- 
hicle — one that emits less pollutant, operates with 
greater fuel efficiency, and is safer for its riders — will 
one day be the norm. In particular, improvement in fuel 
economy is a top priority, and the Department's Inte- 
grated Vehicle Systems Program is evaluating advanced 
technology aimed at this goal. Materials substitution — 
replacing heavy metal with lighter materials — promises 
to lighten the automobile, thereby improving fuel econ- 
omy. Vehicle safety is another priority; for example, the 
use of microprocessors in individual vehicles may be 



able to warn the user of impending mechanical and 
safety problems (DOT). 

Safety and fuel economy arc. of course, related to the 
condition of the highway system; the U.S. system is 
wearing out and needs rehabilitation. Using wastes and 
such extenders as sulfur to build highways promises cost 
savings. But protecting the large construction investment 
will also require determining the appropriate loading 
level of large vehicles. Efforts to solve the problem of 
relieving urban congestion in order to provide a better 
driving environment may also yield solutions related to 
safety and fuel economy (NAS 6, DOT). 

URBAN TRANSPORTATION 

The energy crisis of 1979 once again renewed interest 
in urban transportation systems. In response, the De- 
partment of Transportation, with the Department of En- 
ergy, is working to develop more energy-efficient and 
environmentally acceptable mass-transit vehicles. An- 
other program of the DOT, the Downtown People Mover 
program, is a national demonstration of fully automated 
systems; it can lead to improved traffic circulation and 
distribution in center cities, better serving the needs of 
the elderly, the handicapped, and other groups (DOE 
DOT. Ebertiard). 

Analyses of recent demographic data predict general 
trends that have important implications for transporta- 
tion. In particular, these analyses forecast a rapid in- 
crease in the part of the population that is more than 75 
years old. This trend may make it desirable to develop 
policies in the next five years for shaping the manmade 
environment. For example, the design of urban transit 
systems to meet the limited physical abilities of the el- 
derly could receive increased attention (Eberhard. VA). 

Longer life expectancies will lead to an increased 
number of small households composed of elderly cou- 
ples or elderly people living alone. The rate of household 
formation will continue to exceed greatly the rate of 
population growth, with ill-understood effects upon the 
need for both transportation and housing services. Stud- 
ies are likely to result in better understanding of these 
trends (NAS 7). 

Cost-efficient urban transit requires populous urban 
centers, and demographic data indicate a shift from high- 
density area (the cities of the Northeast) to low-density 
areas (the Southwest). This population shift may entail 
a greater use of the private automobile and a reduction 
in the financial support for mass transit in those older 
metropolitan areas that are losing population (NAS 7 
DOT). 
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about safety. In order to meet the increased air traffic 
demands that will come during the next two decades, 
programs arc being initiated by the Department of Trans- 
portation to improve air traffic control and navigation 
capabilities by employing integrated circuits, minicom- 
puters. high-speed microprocessors, and solid-state ra- 
dio-frequency technology (DOT). 

The National Aeronautics and Space Administration 
plans to continue research to help maintain U.S. tech- 
nological leadership in aircraft design to benefit civilian 
and military aviation. The primary objectives for design 
are safer, more fuel-efficient, and environmentally ac- 
ceptable aircraft; in civil aviation the needs are effi- 
ciency, noise reduction, and safety; and in military avia- 
tion the primary needs are integration of flight and 
engine controls, flight testing of advanced configura- 
tions, and development of a broad data base for use in 
future aircraft design (NASA). 



4. SPACE 



Some Problems Are: 

• How to use, for greatest public benefit, the sci- 
entific research knowledge and technological ca- 
pabilities derived from two decades of space re- 
search and development. 

• How to decide in which directions to extend 
space research and development to get the great- 
est scientific, technological, and social return. 

Some of the Opportunities for Using Science and 
Technology Are: 

• To develop better vehicle- and satellitc-bome in- 
struments for obtaining information that will 
deepen our knowledge of the universe. 

• To make the best use of remote-sensing satellites 
to obtain needed information about the earth's 
natural resources, its energy balance, its climate 
patterns, and its oceans. 

• To continue research and developmeni for im- 
proved space transportation and space data serv- 
ices. 
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AIR TRANSPORTATION 

Air traffic grew without precedent in the latter half of 
the 1970s, and along with it came an increased concern 



ASTRONOMICAL RESEARCH OPPORTUNITIES 

As the wealth of data returned by probes of Saturn 
and Jupiter clearly shows, space science and technology 
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provide unique opportunities to study other planets and 
thus perhaps to learn more about the remote history of 
our own. But space itself can also be regarded as an 
excellent facility for making astronomical observations. 
Virtually all of our knowledge of objects in the universe 
beyond the earth — of distant stars, galaxies, black holes 
and quasars, for example — must be derived from obser- 
vations of electromagnetic radiation (including light) that 
emanates from those objects. The ability of earth-bound 
telescopes to see distant objects clearly is limited by the 
scattering of light as it passes through the atmosphere. 
Electromagnetic radiation of all other kinds, except for 
a portion of the radio frequency spectrum, is entirely 
blocked by the atmosphere. Hence observations over the 
entire spectrum — in order to observe the broadest pos- 
sible range of celestial phenomena — require that meas- 
urements be made from beyond the earth's atmosphere 
(NAS 3). 

During the next five years, several new satellite-bome 
facilities will increase our ability to observe celestial 
radiations in different parts of the electromagnetic spec- 
trum. In 1 98 1, the Infrared Astronomical Satellite is 
scheduled for launching as a joint undertaking of the 
United States, the United Kingdom, and the Nether- 
lands. The launching of the space telescope scheduled 
for 1983 will be a particularly significant event, since 
it will permit observations, without interference of the 
earth's atmosphere, of visible, near ultra-violet, and near 
infrared radiations. The development of improved facil- 
ities for x-ray and gamma ray astronomy is also antici- 
pated. Observation of these radiations provides infor- 
mation about highly energetic astronomical processes. 
Design studies are well along for an Advanced X-Ray 
Astronomy Facility (NAS 3). The overall design fea- 
tures of an Orbiting Gamma Ray Observatory have been 
completed and the observatory proposed as a new space 
science start for Fiscal Year 1 98 1. 

TERRESTRIAL OBSERVATIONS 

The National Aeronautics and Space Administration 
has three programs designed to continue and expand the 
applications of space science and technology for terres- 
trial purposes during the next five years: (I) a study of 
the earth, using remote-sensing instruments carried by 
satellite, to understand its environmental characteristics, 
assess its surface characteristics and its resources, and 
develop a model of its changing features; (2) a program 
to improve satellite communications technology; and (3) 
a demonstration of the study of materials processing in 
a weightless environment (NASA). 

The National Oceanic and Atmospheric Administra- 
tion (Department of Commerce) has been designated by 
the Carter Administration as the operational manager for 
all U.S. Government ocean and land remote-sensing ac- 



tivities, including programs associated with Landsat, 
which has demonstrated the value of multispectral, syn- 
optic, and repetitive views of the earth. The U.S. Geo- 
logical Survey, in cooperation with NASA, intends to 
make use of refined remote-sensing devices that can 
more precisely map the earth by revealing small-scale 
features and provide more infoimation useful to agri- 
culture and the management of water resources. The co- 
operative effort also will probe the land mass for fuels, 
minerals, and geothermal energy sources. It will scan 
the atmosphere to chart the global energy cycle and the 
natural fluctuations and manmade modifications of cli- 
mate (GS). 

Remote sensing from satellites will also soon provide 
woridwide information on surface currents and temper- 
atures, wave conditions, surface pollutants, and biolog- 
ical productivity of the oceans. Satellite altimeters can 
measure changes in the sea level, while ocean buoys that 
sink to predetermined depths are expected to furnish in- 
formation about the three-dimensional flows within the 
oceans (NAS I). The common need for ocean data for 
both civilian and military purposes has led the Carter 
Administration to propose the National Oceanic Satellite 
System (NOSS) as a new start for Fiscal Year 1981. 

SPACE TECHNOLOGY 

Maintenance of American leadership in space will be 
facilitated by the development of efficient, economical 
transportation modes. NASA's Space Transportation 
System has been designed as the primary means to fulfill 
the goal of making access to space more routine dunng 
llie 1980s and 1990s, and will provide the foundations 
for the Nation's space requirements in the 2 1st century 
(NASA). 

As presently designed, the full Space Transportation 
System comprises the Space Shuttle, Spacelab and the 
Upper Stages (which include the reusable Spacetug and 
the Orbital Transfer Vehicle). The Space Shuttle is the 
most important element of the system. Its versatility and 
reusability will open up a new era in expanding the uses 
of space for scientific, technological, and defense pur- 
poses. It will provide unique capabilities for placement, 
retrieval and in-orbit servicing of satellites, and delivery 
to Earth orbit of payloads and propulsive stages for 
higher altitude and planetary missions. The advent of 
readily available, economical transportation to and from 
low Earth orbit for automated payloads, as well as for 
scientists and other personnel, will revolutionize our 
concepts of using space and will expand the returns from 
space operations. The Shuttle's unique capabilities will 
not only lowci the cost of space operations but will also 
lead to savings in the cost of payloads. These anticipated 
savings will result from repair and reuse of payloads and 
relaxation of weight and size constraints. The advantages 
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offered by the Space Transportation System will enhance 
both the flexibility and the productivity of space mis- 
sions compared to the capabilities provided by existing 
expendable launch vehicles (NASA). 

The design certification review of the Shuttle's over- 
all configuration was completed in April 1979, validat- 
ing the basic technical soundness of the system design. 
The development program is in the final stages of ground 
certification testing of flight configured elements, and 
checkout of the first flight configured orbiter is progress- 
ing at Kennedy Space Center in preparation for the first 
manned orbital flight. Other elements of the program are 
progressing well: the engines, external tank, and solid 
rocket boosters required for the first flight are in the 
initial stages of processing at the Kennedy Space Center; 
alt the facilities required there for that flight are complete 
and in place; and software validation is progressing. Pro- 
duction is underway on three additional orbiters with 
the objective of providing operational orbiters to meet 
the performance requirements of critical Department of 
Defense and civil missions. Decisions regarding the pace 
at which the development of additional components of 
the Space Transportation System arc to be implemented 
will be made in the context of overall emerging space 
policy (NASA). 

An additional objective of the U.S. space program is 
to reduce costs by increasing the efficiency of vehicle- 
borne data gathering systems. For example, NASA's 
Tracking and Data Relay Satellite System, due to begin 
operations in 1980, will provide a sixfold increase over 
the ability of present systems to monitor information 
from low-orbiting satellites. Refined instruments with 
improved optical tracking capabilities are being devel- 
oped for use with remote-sensing satellites. And prom- 
ising developments are underway to improve the navi- 
gational accuracy of planetary and deep-space probes 
and increase the reliability of the telemetry systems 
which they use to transmit data back to earth (NASA). 



5. AGRICULTURE 

Some Problems Are: 

• How to maintain high levels of agricultural pro- 
ductivity, given rising costs and diminishing sup- 
plies of energy, water, materials, and land. 

• How to maintain productivity by means that will 
be environmentally acceptable and profitable to 
fanners. 

• How to ensure that adequate, usable water sup- 
plies continue to be available. 
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Some of the Opportunities for Using Science and 
Technology Are: 

• To reduce agriculture's heavy dependence on 
fossil fuels by means of conservation, improved 
management practices, and the development of 
ways to use alternative energy sources, princi- 
pally solar and biomass energy. 

• To gain knowledge of how changes in energy 
availability and use affect all aspects of agricul- 
ture, from farming to marketing and distribution. 

• To conduct research on such fundamental pro- 
cesses as photosynthesis, nitrogen fixation, and 
carbon dioxide fixation with the objective of 
breeding foodcrops that are more energy, water, 
and fertilizer efficient, and which are more re- 
sistant to pests. 

• To improve the reliability of long-range weather 
forecasting to permit better agricultural planning. 

OVERVIEW 

Agriculture (including food production, processing, 
storage, transportation, distribution, and marketing) is 
the Nation's largest industry, accounting for about a 
quarter of the total Gross National Product. It employs 
17-20 million people, and its current exports of nearly 
$30 billion a year are a primary foreign trade asset 
(Guither). Historically, U.S. agriculture has been char- 
acterized by high rates of growth m productivity. But 
the rising costs of land, labor, capital, and energy, and 
the costs of protecting the environment now threaten to 
end that long trend. U.S. agriculture has three key prob- 
lems: (1) how to reduce future energy requirements in 
the face of higher costs and possible shortages; (2) how 
to increase its current high productivity; and (3) how to 
reach its objectives without adversely affecting environ- 
mental quality (Guither, USDA). 

ENERGY-RELATED CONSIDERATIONS 

The Nation's food production and marketing systems 
now account for about one-sixth of its total energy use. 
Agriculture's dependence on fossil fuels grows because, 
so far, it makes economic sense; farmers now spend 4 
to 8 percent of their operating budgets on energy. This 
percentage is certain to increase as fuel costs soar 
(Guither). 

The projected use of coal and synthetic fuels derived 
from coal as primary energy sources is likely to have 
important impacts on agriculture. Surface coal mining 
can take valuable agricultural land out of production and 
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contaminate water required for irrigation. Increased 
burning of coal and synthetic fuels could cause serious 
changes in the climate and increase the prevalence of 
acid rain. These impacts need to be assessed in greater 
detail. In order to do so, improved information about the 
Nation's groundwater resources will be needed More 
refined knowledge about the earth's climatic conditions 
and the climatic and environmental effects of increased 
coal burning will also be required (GS). 

A widespread move to solar energy for heating, 
drying, and irrigation could make agriculture more en- 
ergy-efficient. Using agricultural waste products for bi- 
omass conversion on farms is a particularly attractive 
possibility, since it could reduce direct oil use without 
increasing costs for transporting fuels. The possibility of 
obtaining synthetic fuels and industrial chemicals from 
crops will receive considerable attention during the next 
five years and will present new challenges to American 
agriculture. For example, alcohol, distilled from farm 
products, yields gasohol when blended with gasoline. 
However, if in the future a significant amount of avail- 
able agricultural land were used to produce crops for 
energy and materials-substitution purposes, severe pres- 
sure would be placed on the food production system. 
For that reason a good deal of attention is being paid to 
the efficient use of agricultural waste products and of 
such plants as guayule and jojoba, which can grow in 
otherwise unproductive land, for these non-food pur- 
poses (NAS 2, 6; USDA; USDC; NSF; Guilher). 



SELECTED RESEARCH TRENDS 

Plant scientists have made appreciable gains in un- 
derstanding plant variation, the movement of nutrients 
across membranes, the process of photosynthesis, and 
the factors that regulate plant growth. Application of this 
fundamental knowledge to agriculture is expected to lead 
to increased productivity and reduced dependence on 
chemical fertilizers and pesticides. Some of the most 
promising fields of scientific inquiry that will be pursued 
during the next five years are described below. 

Photosynthesis 

Present efforts focus on gaining an understanding and 
increasing the efficiency of photosynthesis of crop 
plants. This line of research aims to develop crops that 
can make more efficient use of solar energy. One prom- 
ising line of inquiry focuses on converting the kind of 
metabolism shared by potatoes, soybeans, and most 
other crop plants, sometimes called C3 metabolism, to 
the more energy-efficient type, C4 metabolism, that is 
characteristic of certain other plants, for example, sugar 
cane and maize (NAS 2, USDA, NSF). 
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Nitrogen Fixation 

Plants can obtain the nitrogen they require only from 
the soil. However, certain microorganisms that live 
freely in the soil can make use of, or *Tix," nitrogen 
directly from the air. Some species of nitrogen-fixing 
bacteria live in a symbiotic relationship with certain 
plants (primarily legumes, including clover, peas, and 
soybeans) with the result that the plants themselves can 
make indirect use of nitrogen from the air. Recombinant 
DNA techniques provide the potential for producing 
more effective nitrogen-fixing bacteria. These tech- 
niques may also make the breeding of nitrogen-fixing 
plants possible. Since grains furnish much of the world's 
food, particular interest focuses on efforts to develop 
plant-bacteria symbioses that could fix nitrogen for grain 
crops. Similarly, several approaches are being explored 
to improve the nitrogen fixation that blue-green algae 
provide in rice cultivation (NAS 2). 



Plant Breeding 

Recent advances in plant tissue culture and recombi- 
nant DNA research provide the basis for new genetic 
technologies. Over the next five years, these techniques 
may be used to breed plants for such specific character- 
istics as increased yield, improved cold hardiness, 
drought tolerance, resistance to disease and insects, salt 
tolerance, efficient nutrient use, and high nutritional 
value (NAS 2, USDA, NSF). 



Pest and Disease Control 

There is now considerable evidence that some chem- 
ical pesticides have adverse cumulative effects upon 
populations of organisms, such as animals and humans, 
other than those for which the chemical is intended. This 
finding has led to increasingly stringent restrictions on 
the use of those pesticides. As a result, the next five 
years will see intensified research on several means of 
resolving the sometimes conflicting needs of disease and 
pest control and general environmental protection. Ef- 
forts will be directed toward pest-management systems 
that use a minimum of chemicals and a variety of tech- 
niques and methods to control pest populations, selec- 
tive, biologically based interference with the reproduc- 
tive processes of pest species, microbiological and other 
natural biological agents for pest control, and breeding 
of crops for pest resistance. Progress should also be 
.made in understanding the chemical basis of plant resis- 
tance and to identify chemicals that make a plant unat- 
tractive to insects or pathogens (USDA, Guither). 




PRODUCTIVITY 

During the next five years, the need to conserve en- 
ergy, water, and materials will focus increasing attention 
on the difficulty of increasing agricultural productivity. 
Detailed studies need to be carried out on the economic 
tinpact of energy policies on agriculture, the most effi- 
cient size for farms, and the effects on agriculture of 
such practices as integrated pest management, double 
cropping, and computers as an aid to management 
(Guither). It is also fe^jsible — and necessary — to assess 
more precisely the effects of environmental regulations 
on food production, and to develop a better data base 
for more efficient regulatory policies (USDA). 

More efficient use of farm land can also increase pro- 
ductivity. One way is to retain **prime" land in agri- 
cultural production (i.e., to prevent prime land from 
being sold for other purposes), since its continued loss 
at the current rate may eventually lead to its replacement 
with less productive land. If prime land is not preserved, 
farmers may have to spend more ene-jy in obtaining the 
same production from their remaining acres or in bring- 
ing marginal land into production (NAS 6, Guilher, 
USDA). 

The study of weather and long-term climatic changes 
and the application of the resultant understanding to the 
problem of improving agricultural production are poten- 
tially fruitful areas for international cooperation. Such 
cooperation facilitates information gathering on a global 
scale. There is insufficient knowledge of climatic pro- 
cesses for accurate weather forecasting. Reliable fore- 
casts of weather for one growing season ahead would 
greatly improve agricultural planning, as would predic- 
tions of long-term trends. During the next five years, 
increased use of satellites and other remote-sensing de- 
vices is expected to reduce the uncertainties in short- 
and long-term weather forecasting. The combination of 
improved weather data with satellite-based crop surveys 
should also improve woridwide crop forecasting capa- 
bilities. The essential role of worldwide cooperation in 
such a scheme is clear (NAS I, State, Guither). 

6. HEALTH 

Some Problems Are: 

• How to understand the biological processes un- 
derlying specific noninfectious diseases. 

• How to increase understanding of the biological 
and social bases of human behavior. 

• How to increase awareness of the importance to 
well-being of environmental and lifestyle factors 
that are under individual conUol. 
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• How to establish a sound and rational scier;tific 
basis for environmental, health, and safety reg- 
ulation. 

• How to develop better, more cost-effective, 
health care delivery systems. 

Some of the Opportunities for Using Science and 
Technology Arc: 

• To conduct basic biomedical research for the pur- 
pose of yielding fundamental knowledge of nor- 
mal processes and pathological mechanisms. 

• To conduct basic studies of the brain and nervous 
system as a basis for understanding neurological 
disorders, mental illness, and alcohol and drug 
abuse. 

• To study social factors that determine substance 
abuse, in order to develop better diagnostic and 
therapeutic methods. 

• To determine the effects of environmental, oc- 
cupational, and dietary exposures to potentially 
hazardous chemicals and radiations. 

• To focus particular attention on aging as a life- 
long process. 

• To conduct studies of health care delivery sys- 
tems aimed at improving their quality, accessi- 
bility, equity, and cost effectiveness. 



OVERVIEW 

Many of the Nation's present concerns about health 
are the result of enormous improvements that have taken 
place since the start of the 2(hh century. These improve- 
ments are largely based upon past scientific achieve- 
ments. 

Patterns of illness have changed since 1900. Because 
older health problems have been eliminsled, the impor- 
tance of others that formerly constituted a minor source 
of morbidity and mortality has increased. Heart disease 
and cancer are now, for example, the leading causes of 
death in this country. During the early part of the cen- 
tury, advances mainly resulted from belter sanitation and 
nutrition. Later, progress came about as infectious dis- 
eases were brought under control. Infant mortality rales 
declined sharply during the first half of the century and 
less rapidly since that lime, and as a result concern with 
the incidence of childhood diseases has lessened consid- 
erably. Life expectancies in the United States have been 
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extended, though at present they are not among the high- 
est in the industrialized countries. These extensions, to- 
gether with the declining U.S. birth rate, have markedly 
increased the average age of the American population 
and focused more attention both on the chronic diseases 
and disorders of middle and old age and on the nature 
of the aging process itself. For example, subslauiial de- 
creases in deaths from strokes and heart attacks have 
been achieved in just the past five years (NAS 7, 8), 
Many of ihc Nation's present health concerns are 
linked to lifestyles and to environmental factors which 
advances in biomedical sciences and technology alone 
cannot ameliorate. Accidents are the chief cause of death 
up 10 age 35. A significant fraction of all cigarette smok- 
ers ultimately die early as a result of their habit. Alcohol 
and drug abuse have become severe social problems. 
Chronic disease.*: such as hypertension, diabetes, em- 
physema, asthma» and mental illness pose serious 
threats to large numbers of Americans. Thus, future im- 
provem.tnts in the health of the American people will be 
the result of several different efforts: continued improve- 
ments in public health, scientific research on the causes 
of specific diseases and disorders; improvements in the 
means for translating scientific knowledge into practical 
steps to promote health and prevent and control disease; 
identification and uiiderstanding of the effects on human 
health of chemical contaminants in foods, drugs, and the 
environment; and increased data on the links between 
health and behavior patterns such as smoking, diet, ex- 
ercise, working, and coping with stress (NAS 8, 
ADAMHA). 

The prevention of illness, including prevention through 
individual control of lifestyles, must continue to be a 
high priority. This is particularly so in view of the 
steeply rising costs of health care. During 1979 these 
costs were over $200 billion, or more than the cost of 
a month of labor per American worker. If general infla- 
tion were to proceed at a 9 percent annual rale and health 
care costs were to continue to rise at a rale 50 percent 
greater than general consumer prices, national health 
care expenditures would exceed 20 percent of the Gross 
National Product by the year 2000. A wide range of 
health-related problems will face the Nation during the 
next five years. A wide range of opportunities will exist 
for science and technology to deal with these problems. 
Thus the central dilemmas are these: How much are we 
as a Nation willing to pay for medical services? And 
what should our priorities for medical research and tech- 
nology be? (Warner) 

SELECTED BASIC RESEARCH TRENDS 

Genetic Studies 

For the past 35 years it has been known that genetic 
factors are transmitted from one generation of cells to 



the next in the form of molecules of deoxyribonucleic 
acid (DNA). We now know that for all species of higher 
plants and animals (including human beings;, genetic 
information is carried from one generation to the next 
in the form of DNA. A central, long-range goal of mo- 
lecular biology has been to understand, in detail, the 
sequence of mechanisms through which the information 
encoded in a particular type of DNA molecule is trans- 
ferred into the structure of a corresponding protein, and 
thus, ultimately, how information transfer via DNA gov- 
erns the development of all living organisms (NAS 2). 

Occasionally a defect occurs in a DNA molecule — or 
is induced, perfiaps by a molecule of a carcinogen or by 
ionizing radiation. The result is an alteration in the ge- 
netic information carried by the DNA, and, as a con- 
sequence, a mutation in the organism of which it is a 
part. Research on genetic mutations will continue during 
the next five years and is likely to yield important new 
knowledge. This research is indispensable to understand* 
ing how normal cells become cancer cells, though it is 
not possible to predict when it will yield insights direcriy 
applicable to the prevention and cure of the disease 
(NAS 8). In addition, research on genetic mutations will 
improve our understanding of human hereditary diseases 
of which more than 2, (XX) are now known. Some defects 
in gene structure and function may eventually be cor- 
rectable, and progress toward this end is likely to occur 
during the next five years. In addition, the prospects are 
good for improving techniques to detect fetal genetic 
defects by amniotic fluid sampling (NAS 2, NIH). 

Recombinant DNA methods, which have emerged as 
important laboratory tools within the past five years, 
now permit rapid advances in understanding basic ge- 
netic mechanisms. DNA molecules can be cut precisely 
into small pieces and spliced into bacterial DNA. Bac- 
teria — and therefore the DNA they contain — reproduce 
themselves every few minutes, whereas cells of higher 
organisms have reprxluction times that extend upward 
to years. Recombined DNA molecules multiply at the 
same rale as their host bacteria and reproduce lhem.selves 
with equal fidelity. Therefore, it becomes possible to 
study the detailed reproductive mechanisms of precise, 
known DNA fragments on convenient time scales (NAS 
2). 

Since recombined DNA molecules reproduce them- 
selves rapidly and faithfully, the technology also offers 
the possibility of large-scale production of biological 
chemical products for the treatment and cure of diseases. 
For example, the possibility of producing insulin by this 
method has now been demonstrated. Also, human 
interferon, a natural virus-fighting substance that is 
currently scarce and prohibitively expensive, has been 
synthesized in the laboratory. Commercial production of 
insulin of higher purity and at a lower cost than is now 
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available also appears to be highly probable within the 
next five years (NAS 2, NIH, NSF). 

Because recombinant DNA methods pennit the pre- 
cise manipulation of genetic materials, they raise im- 
portant safety questions. For this reason, the National 
Institutes of Health has developed and issued guidelines 
on recombinant DNA research. Developed after exten- 
sive public hearings, these guidelines were intended both 
to encourage needed research and to insure that the pub- 
lic health and the environment will be adequately pro- 
tected from risks. The effects of these guidelines on both 
the public health and safety and on scientific research 
will be monitored during the next few years (NAS 2, 
NIH, NSF), 

Cellular Biology 

The ability to carry out genetic studies in more com- 
plex cells, as well as the knowledge gained from the 
study of simpler cells, has stimulated progress in the 
related field of cellular biology. Of particular interest is 
the cell membrane, the boundary and point of interaction 
of the cell with hormones, drugs, bacterial toxins, and 
viruses. Uncovering the mechanisms of cell niigration 
is central to understanding the movement of white blood 
cells in their fight against infection and the migration of 
cancer cells as they invade organs (NAS 2). 

Immunology 

Although molecular biology and cellular biology have 
been at the center of attention in biological research, 
other recent emphases in the life sciences have signifi- 
cant implications for public heal.h. For example, recent 
progress in immunobiology has led to more rapid iden- 
tification of microorganisms, better understanding of 
many disease mechanisms, and developing better pre- 
ventive measures (Army, NIH). Advances in research 
on allergies, the most prevalent disorder of the immune 
system, have come rapidly in recent years. New discov- 
eries have aided desensitization theory and offer thera- 
peutic promise. Also as a result of basic research in 
immunology, medical technology can now achieve bet- 
ter tissue matching and offer improved treatments to sup> 
press the immune system of patients receiving trans- 
plants. This research is also leading to improved 
understanding of autoimmune diseases^ and could point 
the way to the development of vaccines for measles and 
hepatitis (NAS 2, NIH, VA), 

The Aging Process 

The changing age distribution of the American pop- 
ulation has drawn attention to the lack of scientific 
knowledge of the human aging process. Basic and din- 



ERIC 



The Outlook: Topical Symheses 29 

ical problems likely to be studied in the next five years 
include changes in immune responses and hormonal se- 
cretions with aging, neurobiology of sleep and memory 
in the aged, and problems of drug therapy in the elderly 
(NAS 8, NIH, VA), Health and social services will have 
to be assessed, and possibly redesigned, to assure the 
maintenance of the functional independence of the el- 
deriy; a failure to maintain it seems to promote the dis- 
abling aspects of aging (NAS 8, NIH, VA), 

Human Behavior 

Studies of hormones produced in the brain, a rela- 
tively recent research interest, arc advancing rapidly. 
These hormones appear to act on the brain in ways sim- 
ilar to the chemical substances that normally transport 
nerve impulses across gaps between nerve cells. The 
brain hormones are thought to influence sexual devel- 
opment, responses to stress, hunger and thirst, and pos- 
sibly learning and memory. Among the hormones pro- 
duced by the brain, the endorphins are of special interest. 
Endorphins have been found to be effective in relieving 
pain and inducing the sensation of pleasure. Studies of 
endorphins conducted during the next five years arc ex- 
pected to illuminate both normal and abnormal human 
behavior patterns (NAS 2, NSF). 

Mental illness is among the disorders causing greatest 
concern in recent years. The rapidly growing body of 
knowledge about the brain and the nervous system 
makes it reasonable to <*xpcct some progress in the next 
five years toward the eventual development of improved 
treatments for many disorders: schizophrenia, mental re- 
tardation, and neurological disorders, as we!l as depres- 
sion, learning disabilities, alcohol abuse, and drug ad- 
diction. Some drugs have already revolutionized the 
treatment of mental illness, but considerable dispute con- 
tinues about why and how they work. Safe and reliable 
treatment dictates the urgent continuing need for re- 
search that can illuminate these questions and provide 
acceptable answers (NAS 8). 

Increasingly, we have become aware of the crucial 
effects of the environment and behavior on disease pat 
terns. In fact, modification of environmental and behav- 
ioral patterns may prove central to the prevention of 
many of today's prevalent diseases. Behavioral toxicol- 
ogy, a relatively new field, shows considerable promise 
of increasing our understanding of the effects of envi- 
ronmental contaminants on behavior. Alcohol abuse, 
long regarded as one of the more common, socially de- 
structive types of human behavior, has only recently be- 
come a principal focus for research in the biomedical 
and behavioral sciences. Growing public alarm about 
drug abuse has also stimulated biological and behavioral 
studies. A better understanding of individual differences 
in susceptibility and of physiological self-control mech- 
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anisms will allow a conceited attack on alcohol and drug 
abuse and on other disorders of human behavior, such 
as addictive tobacco use and compulsive gambling (NAS 
8. ADAMHA. VA). 

Ggarette smddng is a contributor to 80 percent of 
lung cancers, as well as certain cardiovascular diseases. 
A 20-year study showed that between one-third and one- 
half of all cigarene smokers die prematurely because of 
their habit. Behavioral research in the next five years 
will focus increased attention on better ways to stop 
smoking and prevent relapse (NAS 8). 

ENVIRONMENTAL CONSmERATlONS 

The environment, lifestyle (including cigarette smok- 
ing and the use of alcoholic beverages), diet and genetic 
factors play an important role in the major health threats 
to Americans. Present evidence indicates that cigarette 
smoking and diet arc among the risk factors in cardio- 
vascular disease and various types of cancer. There is 
little doubt that both avoidance and stopping of cigarette 
smoking will reduce the risk of cardiovascular disease 
and of lung, oral, and bladder cancer (NAS 8, NIH). 

Epidemiological studies have been useful in deline- 
ating the risk factors associated witli cardiovascular dis- 
ease and some types of cancer, and often epidemiolog- 
ical studies offer the first indications of carcinogenicity 
for chemicals already in use in our society. However, 
for new chemicals, reliance on epidemiological studies 
would be inappropriate since the latent period for car- 
cinogenic effects to humans would be 5 to 30 years or 
longer. Therefore, both laboratory tests using animal 
bioassays (generally mice and rats) and short-term in 
vitro methods should be the approaches for establishing 
the potential carcinogenicity of a chemical for humans 
(FDA, Seskin and Lave). 

The increase in the development, manufacture and use 
of synthetic chemicals h^i focused attention on their po- 
tential toxic effects, and a need has arisen to find more 
expeditious and less expensive methods of evaluating 
their potential toxic effects Including carcinogenicity. 
With regard to carcinogenicity, efforts thus far have in- 
volved in vitro tests of mutagenicity (since the capacity 
of a chemical to cause mutations correlates well with its 
capability to induce cancer in animals or humans), cell 
transformation and effects on chromosomes. Research 
in this direction is promising and will continue? of par- 
ticular importance will be in vitro interspecies compar- 
isons, including the use of monkey and human cells 
(FDA). 

Dealing with the hazards of environmental contami- 
nants is extremely complex because even when their ef- 
fects are known, the determination of socially acceptable 
levels of risk involves questions of values as well as 
technical information. Furthermore, the long-range eco- 



nomic and social costs involved in enforcing regulations 
to reduce contamioants below predetermined acceptable 
levels need to be determined. These aspects arc detailed 
in the section on the Perception and Management of 
Hazards and Risks. 

In studying air pollution, attention must be paid to 
interregional transport and transformation of fine parti- 
cles; the fate and effects of air pollutants, especially trace 
elements; and the many scatter^ sources of pollution. 
Contamination by waste water and solid waste may not 
be as widespread as air pollution, but they present com- 
parable problems. Partially as a result of the Three Mile 
Island nuclear accident, renewed attention is being given 
to health effects from exposure to low-level ionizing ra- 
diation. But there arc other, more significant sources of 
radiation in the environment besides those that are as- 
sociated with nuclear reactor failures, including diag- 
nostic x-ra>s and radiations from building materials. 
Adverse environmental effects arc also associated with 
virtually all of the energy technologies that the Nation 
must rely on for the remainder of the century— conven- 
tional combustion of fossil fuels, coal liquefaction, and 
gasification, as well as nuclear energy. These effects 
must receive closer scmtiny during the ner.t five yean 
(NAS 9, USDC, DOE, FDA, EPA, NRC). 

HEALTH CARE DELIVERY 

Innovations are anticipated in the next five years in 
the delivery of health care. Perhaps the most promising 
approaches, besides those that concentrate mainly on 
preventive medicine, are group medical practices and 
health maintenance organizations. While these forms of 
practice arc growing, the National Health Service Corps 
is extending primary health care to underscrved rural and 
low-income urban areas; nurses and paramedics arc 
being specially trained to provide care m these areas. 
More effective health care for the young and the aged 
may result from analyses now underway on institutional 
and organizational changes in health services. System- 
atic comparison of alternative health care delivery sys- 
tems can assist policy choices in the years ahead (NAS 
8, NIH, VA). 

RESOURCE ALLOCATIONS 

Despite the enormous strides that are being made In 
understanding diseases and disorders and improving the 
delivery of nealth care, and despite tlte splendid oppor- 
tunities that exist for advances in the future, a heavy 
burden of illness remains to the Nation. This burden can 
be measured by mortality rates. It can also be assessed 
in terms of the suffering and debilitation of afflicted 
individuals, the aggregate social effects of their ill- 
nesses, and in terms of such economic effects as pro- 
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ductivity loss and the toul cost to the Nation of the 
health care system itself. Measurements of mortality 
rates are rdatively straightforward, and the existing data 
are adequate. Defining and measuring social and eco- 
nomic costs are difficult, but during the next five years 
there are some grounds for expecting that such indices 
will be refined and may become usable for allocating 
medical resources more wisely to areas creating the high- 
est social costs (NAS 8, NIH). 

Making mc-ulingful comparisons of the individual, 
social, and economic burdens of illness arc even more 
difficult since such comparisons involve value issues as 
well as technical information. Since our culture has tra- 
ditionally placed a supreme value on human life, it is 
morally rq>ugnant to many persons even to raise the 
question of tradeoffs among individual, social, and eco- 
nomic costs and benefits as long as there is even a remote 
opportunity to ease the suffering of an afflicted individ- 
ual. Yet if we as a Nation are to maximize opportunities 
for future advances and make the wisest present use of 
our medical resources, it will be necessary to face up to 
the difficult and often cruel dilemma of esublishing re- 
alistic priorities (NAS 8, NIH, VA, Warner). 



7. THE ELECTRONIC REVOLUTION 

Some Problems Are: 

• How to use the capabilities of computer and com- 
munications science and technology to serve a 
wide range of commercial, public, and personal 
needs. 

• How to resolve the social, ethical, and regulatory 
issues that are emerging as a result of the elec- 
tronic revolution. 

Some of the Opportunities for Usittg Science and 
Technology Are: 

• To develop bener computer languages and pro- 
gramming theory to make the best use of the 
ever-increasing level of hardware capabilities. 

• To find new and better computer-communica- 
tions systems to help improve productivity in all 
sectors of the Nation's economy. 

• To ^c$s the long-range effects upon society of 
widespread adoption of computer-communica- 
tions systems. 

• To continue research and development to reduce 
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ihe costs and increase the speed and usefulness 
of information handling capacities of computers. 



OVERVIEW 

The electronic revolution is bringing about an imor- 
mation revolution and it has a dual foundation: com- 
puters and telecommunications. The computer's ability 
to manipulate and process information is the precipitat- 
ing cause of the revolution. But having the capacity to 
store and handle information becomes more valuable 
when the information can also be communicated. The 
telephone cables, microwave systems, and satellites are 
the transmission analogs to the transportation grids and 
modes of the industrial economy. Whems mobility in 
physical space is achieved through noads and railways, 
mobility of information is gained through the telecom- 
munications network (NAS 4). 

Electronic computers, once the exclusive province of 
advanced research laboratories, have now pcncarated 
U.S. factories, offices, and homes. Computers have be- 
come the means to other innovations and knowledge 
and, as a result, affect virtually all social strata. Exploring 
and expanding the technical and scientific boundaries of 
computers are key undertakings of the future, and as 
they occur, the convergence of computer and commu- 
nications technologies will accelerate and will permeate 
more social layers, reaching more and more people. New 
methods of communications techniques such as modu- 
lating laser emission, digiully encoded telephone com- 
munications, and the use of fiber optics wiii become 
more economical, easy to use, and widespread (NAS 4, 
USDC). 



COMPONENT AND SYSTEMS RESEARCH AND 
DEVELOPMENT 

Semiconductor chips arc the essence of high computer 
technology. The tremendous progress of computers dur- 
ing the past decade has been based on the increasing 
complexity (number of transistors) and decreasing costs 
per chip. This progress is expected «o continue and be- 
come even more cost effective. For example, from 1971 
to 1978 the number of bits of information per chip in- 
creased fron) 1,024 to 64,000. By the early 1980s, 
256,(X)0-bit memory chips are possible; and by the end 
of the decade, million-bit memory chips arc anticipated 
(NAS 4). 

Microcomputers have evolved at a comparable rate, 
integrating as many as 30,000 transistors on a chip with 
steadily declining cost per unit operation. Progress in 
capability, cost, and application is expected to continue 
over the next five years. Computers now under devel- 
opment will store much greater amounts of information 
at a fraction of current costs. By the mid-1980s micro- 
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computers will undoubtedly extend the range of econom- 
ical computer applications and become the principal 
computational workhorses of the future. As chip tech- 
nology continues to evolve, the distinction among micro, 
mini, and large computers will depend less on size and 
storage oqxacity and more on how they are used (NAS 
4). 

While cost and size have diminished over the years, 
computation speed has increased substantially. Further 
increases in speed arc expected, but they will come at 
a decelerating pace unless new technology is introduced. 
Several promising alternatives arc possible, and super- 
speed logic technology may come into use during the 
1980s (NAS 4). 

Reductions in computer size and weight and increases 
in computer capabilities also dictate increasing use. 
G>mputers now under development will store much 
greater anxHints of information at less than 1 percent of 
current costs. Constraints on the development of com- 
puter technologies include the growing cost of imple- 
menting software and a lack of trained personnel 
(DARPA). 

As hardware costs steadily diminish, prograriming 
costs — the writing of a set of instructions to tell the com- 
puter what to do and how to do it — become an increas- 
ingly large component in computer operations. Ad- 
vanced software engineering has the potential of lowering 
computer programming costs by further developing and 
utilizing first principles that allow programming to be 
approached systematically, organized in more standard- 
ized ways, and reduced in its burden of redundant de- 
tails. Related goals arc to find ways of using computers 
to check the internal consistency of large programs, pin- 
point discordant details, and define formal techniques to 
prove programs correct or prevent the generation of in- 
correct programs. Progress toward these goals has been 
limited but will likely increase during the next five years 
(NAS 4). 

There is littie apparent progress concerning develop- 
ments associated with research on alternative program- 
ming languages. Highly detailed programming may 
eventually be replaced by more abstract languages that 
can be transformed into a more efficient machine code 
Similarly, there is a void in developmental progress con- 
cerning improved techniques for writing programs that 
control many simultaneously active computer tasks 
(NAS 4). The growing costs of implementing software 
and a lack of adequately trained specialists will also con- 
tinue to impose constraints on the development and im- 
plementation of computer technologies (DARPA). 

SYSTEMS APPLICATIONS 

Current trends arc toward decentralized computer sys- 
tems with the user terminals located as close as possible 



to the actual business locations. These mini-systems are. 
or can be. interconnected so that each node in the system 
can command the computing resources in every other 
node. The interconnected network itself becomes a giant 
computer which can be accessed from any one of the 
nodes. This trend, it appears, will continue in the future. 
The convugence of computers and communications has 
contributed to the development of new technologies in- 
volving data networks; e.g., specialized satellite capa- 
bilities, digitally encoded telephone communications, 
and high information rate optical fiber communication 
(NAS 4), 

Computer technology is being used more and more to 
assist many aspects of American commerce and indus- 
try, such as computer-assisted design and manufacture, 
which promises improvements in small-batch manufac- 
turing. Planned advancements in domestic communica- 
tions satellites, as well as other modes of transmission 
media, will further the capability to link electronic de- 
vices on a national network basis. Potential applications 
could enhance city, urban and small town planning and 
management (USDC, Ebcrhard). Microcomputers, video 
storage devices, and word processors, used in educa- 
tional settings, can supplement regular classroom in- 
struction, serve as devices for drill and practice, help to 
design new tests, and assist in identifying student needs 
more efficiently (NIE). Computer technology is being 
applied to complex information storage in digital form, 
which, for example, directly relates to spatial data pro- 
cessing that assists in water management, land-use plan- 
ning and the preparation of environmental impact anal- 
yses (NAS 4, GS). 

As these examples suggest, computer and communi- 
cations technologies provide opportunities to accelerate 
the transfer of and usefulness of scientific knowledge to 
urban users. Microprocessor chip technology will influ- 
ence many aspects of the city of the future, including its 
greater use in traffic control, financial management, and 
health care delivery. Advances in domestic communi- 
cations satellite development will not only help cities 
share management information, but can on a national 
basis enable the accelerated development of emergency 
communication.s network capabilities to deal with dis- 
asters (Eberhard). 

POLICY ISSUES 

Information systems that combine computer and com- 
munications capabilities raise a particular set of national 
policy issues. Telecommunication networks arc tradi- 
tionally regulated by the Federal Government. Bui the 
question as to whether and how regulation should be 
extended to include information systems is still under 
debate. The question of Federal regulation will also be 
rai.sed by the increased u.se of electronic message scrv- 



41 



Tke Outlook: Topical Syntheses 33 



ices (EMS). At present, relatively homogeneous groups 
of users are able to send each other short, typed mes- 
sages through time-shared computing services. How- 
ever, a shift from the use of hand-carried mail to elec- 
tronic mail will become feasible in the next decade. If 
EMS is considered a communication service, then, ac- 
cording to present law, it must be regulated. Then, 
should the U.S. Postal Service be regulated? And if it 
is permitted to offer EMS at prices below cost, what will 
be the effects on private industry? A more general policy 
question that needs to be addressed in the context of 
computer and communications developments is how to 
balance the needs of users against the services that can 
be provided on an equitable basis in a competitive open 
market environment (Dunn). 

The rapid advances which arc underway in telecom- 
munications have led to overcrowding of the radio-fre- 
quency spectrum and satellite orbit space. Despite recent 
international affirmations of the principle of free flow of 
information and ideas, some countries are urging con- 
trols, and no doubt will continue to do so. A number of 
them have adopted national legislation to regulate the 
flow of data that might affect privacy or other rights of 
citizens. These developments, related to new technolo- 
gies, are becoming important determinants which must 
be factored into U.S. foreign policy considerations 
(USDC. State). 

Perhaps the single issue related to information systems 
that looms largest in the minds of Americans is privacy 
and the need for standards that ensure fairness to indi- 
viduals in the use ci recorded information about them. 
This problem has arisen because of the financial records 
held by banks and creditors; the increased personal in- 
formation now collected; and the automated recordkeep- 
ing and dissemination technologies that make it possible 
to collect and handle large quantities of data efficiently 
and economically (Belair). 

Through a series of statutes. Federal policies have 
been established to ensure that the workings of the data 
systems are publicly known; that data are as accurate 
and complete as possible and can be disseminated only 
for "legitimate'* purposes; and that individuals should 
be able to see and correct their files. Thus, a framework 
for protecting information privacy has been created at 
the Federal level and partially implemented at the state 
and local levels. Implementation in the private sector is 
just beginning (Belair). 

Since 1%7, more than 50 congressional hearings have 
sought principles to guide, and make publicly accept- 
able, further growth of personal data files. The policy 
being developed seeks to help people live comfortably 
with their records, rather than to limit the growth of 
recordkeeping itself (Rule). As financial data services 
become increasingly automated during the next five 
years, attention is likely to focus on whether individuals 



have the right to conduct their financial affairs in secret 
or to communicate^by .erKryptcd data flows that cannot 
be decoded (Dunn). 

In the 1980s the concerns about information privacy 
are likely to continue and perhaps intensify. There will 
be a continuing need to enforce the information-privacy 
standards, monitor developments in information tech- 
nology which could affect the individual's privacy, and 
formulate improved disclosure safeguards (Rule). 



8. THE PERCEPTION AND MANAGEMENT OF 
HAZARDS AND RISKS 

Some Problems Are: 

• How to understand natural hazards better and 
find better ways to predict and mitigate their ef- 
fects. 

• How to understand the hazards of contamination 
in the environment and in food, and how to elim- 
inate or mitigate these hazards in order to estab- 
lish balanced regulatory policies. 

• How to improve public understanding of trade- 
offs among the costs, risks and benefits inherent 
in modem society. 

Some of the Opportunities For Using Science and 
Technology Are: 

• To pursue research aimed at understanding and 
predicting several kinds of natural hazards. 

• To learn what hazards arc produced by what 
technologies and to eliminate or reduce the haz- 
ards. 

• To develop the tools necessary to detect the pres- 
ence of hazards and for monitoring their move- 
ment in the environment. 

• To a.ssess the effects of particular substances on 
human health and on the environment. 

• To develop better ways to handle existing haz- 
ardous solid waste disposal sites and fluid waste 
disposal streams. 

• To develop better methods of risk assessment and 
better understanding of how risks and benefits 
are assessed by society. 



34 VOLUME i: THE RVE-YEAR OUTLOOK 



• To improve the effectiveness of participation, by 
the affected public, in decisions in which the 
public may be at risk or at benefit. 

OVERVIEW 

Advances in technology, as has been demonstrated in 
recent years, are often accompanied or followed by the 
emergence of new dangers to the environment and haz- 
ards to human health and safety. The adverse effects 
have been mentioned in passing in earlier sections. Here 
they are addressed as the primary concern. 

Manmade chemicals in the form of fertilizers and pes- 
ticides ensure regular and bountiful harvests, but some 
of these chemicals are also harmful to human beings and 
the environment. The energy sources which U.S. indus- 
trial society relies on to produce goods, and to transport 
goods and people, simultaneously pollute the air. The 
combustion of coal produces air pollutants, results in 
acid precipitation, and contributes to the global buildup 
of carbon dioxide. The effects of this last circumstance 
arc not yet fully understood, but the accumulation of 
carbon dioxide in the atmosphere could generate long- 
range climatic changes. Nuclear power, meanwhile, 
confronts us with hazards from reactor operation, dis- 
posal of high-level radioactive waste, and proliferation 
of nuclear weapons. Still not adequately assessed are the 
health effects related to exposure to low-level ionizing 
radiation. And our transportation system contributes its 
share of hazards from the fuels it bums and the risks 
arising from the sometimes marginally safe methods it 
employs in carrying an increasing volume of hazardous 
materials (NAS 9. USDC. DOE. FDA. DOT. EPA. 
NRQ. 

The use of science and technology is essential to help 
identify the hazards that they help create. Science and 
technology can also contribute to the reduction of these 
hazards. In the next five years methods of science and 
technology will be used increasingly to understand bet- 
ter, and to mitigate where possible, hazards of particular 
social concern. 

TYPES OF HAZARDS AND RISKS 

Natural Hazards 

Methods of the geological sciences have been used 
for some time to survey the incidence, and mitigate the 
effects, of such natural hazards as earthquakes, volcan- 
oes, landslides and land subsidence. More recently, in- 
terest has grown in predicting occurrences of these phe- 
nomena, particularly earthquakes, by identifying and 
refining instruments to measure sensitive precursor phe- 
nomena. Although progress has been somewhat slower 
than may have been hoped, these efforts will continue 



during the next five years and may yield insights that 
can improve their reliability. Development of the plate 
tectonics theory has provided a considerable impetus to 
earthquake prediction research, since it offers a means 
of predicting, with high probability, where some earth- 
quakes are likely to occur. Efforts to refine our under- 
standing of relationships between the movement of tec- 
tonic plates and earthquakes will remain a topic of 
research interest during the next five years. As earth- 
quake prediction becomes more accurate, development 
of technologies to mitigate earthquake damage will be- 
come more feasible (NAS 1 . GS). 

Mining Hazards 

The next five years will see continuing efforts to ad- 
dress the safety issues related to mineral extraction. In 
addition, research will continue on such subjects of en- 
vironmental concern as the impact of mining on surface 
and groundwater systems; waste-disposal problems; the 
environmental effects of oil-shale development; under- 
ground disposal of mine wastes and tailings; and im- 
proving the technology for land reclamation (BM). 

Toxic Substances 

The introduction into the environment of synthetic 
materials, some of which arc potentially hazardous, has 
required an expansion of research into toxic substances. 
Coordination between the research community and gov- 
ernment regulatory units has been improved during the 
past few years, and training of toxicologists and epide- 
miologists who can detect, evaluate, and judge how to 
deal with hazardous substances has beci* accelerated. A 
greater degree of public understanding of the taxonomy 
of hazards from toxic chemicals is needed. The most 
prevalent hazards are: (1) occupational exposure, in- 
cluding inhalation, contact through the skin, and inges- 
tion; and (2) population exposure — through air transport 
mechanisms, chemicals entering groundwater and even- 
tually ending up in municipal water supplies and well 
water, and inadvertent incorporation of toxic substances 
into building materials with consequent exposure by in- 
halation, skin contact or ingestion. So far as the popu- 
lation is concerned, by far the greatest concern is with 
exposure to water-borne toxic chemicals. Hence, the 
most important data concern groundwater movement, 
which we need in order to choose the most suitable dis- 
posal sites in the future and to predict their further spread 
from existing sites or discharges (NAS 9). 

Research and development are urgently needed both 
to stem the spread of toxic materials resulting from pres- 
ent and future industrial activities, and to provide us 
with means for assessing and coping with problems in- 
herited from the past. These activities are essential be- 
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cause persistent chemicals such as polychlorinated bi- 
phenyls (PCBs) move out of fresh- water sediments and 
into the food chain, eventually to deposit in higher an- 
imals and humans. In the next five years, new technol- 
ogies will be pursued to deal with chemical wastes that 
have already been dumped into landfills, lakes, and riv- 
ers (NAS 9. NSF), 

The development of methods for detecting, sampling, 
and monitoring hazardous substances in the environment 
will also be pursued during the next five years. For ex- 
ample, methods arc needed to identify and assay drug 
and pesticide residues, aflatoxins, and viral contami- 
nants. Improvements will also be sought in bioassay 
methods used to determine effects. Toxicity tests of 
**rcalistic" exposures may be developed by 1985 to 
overcome the serious difficulty that now exists in estab- 
lishing appropriate dose levels for the tests. Perhaps the 
primary problem related to chemical hazards is associ- 
ated with their sheer number. There arc so many chem- 
icals that the costs of the animal tests needed to establish 
the hazards of low level exposures arc very high. Thus 
there is an urgent need for advances in simplified screen- 
ing tests (such as the Ames test or tests using human 
organ cells grown in tissue culture) which can be used 
to distinguish between chemicals that are likely to be 
exceedingly hazardous even at low levels and those 
whose probable effects on health are far less significant 
(NAS 9, FDA, NSF). 

In the meantime, those current regulatory goals that 
are based upon detectable amounts of known toxic chem- 
icals will have to be revised in the light of our ability to 
detect increasingly low concentrations. Thus, if refined 
analytical methods are to provide a basis for a balanced 
regulatory policy, it will De necessary to address the 
problem of how "zero" levels should be defined when 
they arc used (FDA). When it is impossible or too costly 
either to remove a harmful agent from the environment 
or avoid it totally, we must encourage informed public 
discourse and lake other necessary steps aimed at estab- 
lishing socially acceptable exposure levels (NAS 9, 
NSF). 

Solid and Water Wastes 

During the next five years, science and technology 
can make appreciable contributions to three major ob- 
jectives associated with solid waste disposal problems: 
first, to develop safe disposal practices, methods for 
managing large volumes of industrial and municipal 
wastes, and criteria for selecting appropriate sites for 
landfills; second, to develop the capability to dispose of 
many, if not all, wastes at sites near their sources; and 
third, to develop economically feasible resource recov- 
ery methods. One promising approach to the latter prob- 
lem is to reduce the production of wastes by means of 



recovery and recycling during the industrial processes 
themselves. Another approach is to employ biochemical 
methods for conversion of solid wastes into such useful 
products as fuels, chemical feedstocks, proteins and al- 
cohol (EPA, NSF). 

Waste waters produced by the organic chemicals and 
textile industries typically contain high concentrations of 
toxic pollutants. A continuing research objective during 
the next five years will be to reduce the high costs of 
technologies for treating such toxic wastes in water as 
benzene, metals, and oxygen-bearing compounds. Re- 
cycling and recovery of toxic pollutants during produc- 
tion processes are an attractive possibility. However, 
satisfactory design and control technologies do not yet 
exist, and cost effectiveness has yet to be demonstrated 
(EPA, NSF). 

Transportation-Related Hazards 

Different forms of transportation create different types 
of environmental and safety problems. To minimize oil 
spills and disasters from hazardous materials carried by 
ships, it will be necessary to expand research into means 
of reducing accidents at sr,a, such as through develop- 
ment of advanced navigation systems. At the same time, 
high priority should be given to efforts aimed at devel- 
oping techniques to quickly limit the damage done by 
spills. Research will also be needed into methods of 
preventing pipeline failures and of lessening the damage 
caused by those that do fail (DOT). 

The expected growth in air travel over the next two 
decades may require extensive improvement of the Na- 
tion's air-traffic-control and navigation systems to min- 
imize the hazards of aviation (DOT). 

Safer streets and highways can result from motor ve- 
hicle safety studies, designs, and production, and also 
from better and more durable roads and improved high- 
way design (DOT), 

A pressing challenge facing railroad technology over 
the next five years will be development of means to 
transport radioactive and other hazardous materials 
safely. Also, improved road beds, equipment, and con- 
trol systems are needed to make this energy-efficient 
mode of transportation safe and economical (USDA, 
USDC, DOT), 

Ionizing Radiation 

Many sources of ionizing radiation exist in the envi- 
ronment. Major reductions in the amounts of exposure 
can be made through reductions of medical and dental 
x-rays and bener occupational control. In addition, some 
workers in the nuclear industry may be exposed to higher 
levels than background in the course of their work 
(NRC, USDC). 
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The effects of low levels of ionizing radiation on hu- 
man health arc uncertain, but extensive epidemiological 
studies to improve our knowledge arc in progress. The 
source of the uncertainty about the effects of low level 
radiation is related to uncertainties in the linear dose- 
response hypothesis, which assumes that any increment 
in exposure produces an increase in health effects which 
is proportional to the percentage increase above normal 
background levels. The validity of this hypothesis re- 
mains a subject of considerable controversy. In addition, 
it is worth noting that most of the concern about expo- 
sure to low levels of ionizing radiation is associated with 
the operation of nuclear reactors. During the normal op- 
eration of such reactors, the levels of exposure of the 
population to ionizing radiation arc below natural back- 
ground radiation. In particular, they are almost insignif- 
icant compared with exposures experienced by large 
populations to elevated natural backgrounds resulting 
from concrete and stone buildings. Many of these back- 
ground exposures are subject to simple and inexpensive 
controls such as requiring a layer of plastic between cel- 
lar walls and floors and prohibiting the use of building 
materials having high levels of phosphates from phos- 
phate mining and other sources. If it is assumed that low 
levels of exposure to radiation from the normal operation 
of nuclear reactors constitute a serious public hazard, 
then these natural background radiations are even more 
dangerous. To concentrate all radiation risk-mitigation 
regulation on the nuclear industry would thus be incon- 
sistent (NAS 9). 

All nuclear fission reactors produce radioactive wastes. 
Technologies now exist for encapsulating and entombing 
these wastes in geologic formations. Site-specific engi- 
neering combined with geological knowledge can reduce 
the long-term public hazards of waste deposits to levels 
below natural background radiation or other nuclear fuel- 
cycle activities. But the detailed, site-specific knowledge 
is now usually inadequate, and efforts to improve the 
knowledge must therefore be pursued (NAS 5, NRQ. 

As geologic repositories for nuclear wastes begin to 
be licensed, the process will be under close public, in- 
dustrial, and governmental scrutiny because of the haz- 
ardous nature of these substances. To devise safer meth- 
ods of disposal, efforts will be made during the next five 
years to develop and test models to determine important 
design features, geologic effects over time, and data de- 
ficiencies related to nuclear waste disposal (NRQ. 

The Oceans 

The study of marine ecosystems can lead to the de- 
velopment of improved management tools to conserve 
and maintain the renewable and fragile living resources 
of the oceans, specifically fish and marine mammals. 
Studies that increase our knowledge of such oceanic phe^ 



nomena as the interaction between the ocean and the 
atmosphere, coastal upwelling, and changes m ocean 
current systems will accomplish two purposes: expand 
the uses to which the oceans can be put and protect them 
against pollution (NAS 1. USDC, DOT). 



SELECTED POLICY CONCERNS 

The perception and management of hazards have in- 
ternational implications. Important questions that inter- 
national institutions may be called upon to address are: 
the global effects of atmospheric carbon dioxide buildup, 
acid rain, multinational management of water basins, 
and exploitation of the seabed; and such vulnerability 
concerns as the development of nuclear power and the 
management of radioactive wastes, levels of acceptable 
environmental risk, and natural catastrophes (NAS 11). 
International cooperation on these matters is essential 
because oceanic and atmospheric pollution ignores na- 
tional boundaries. Action on an international scale will 
be required to ensure a healthful environment for the 
citizens of all countries. Efforts to reach international 
political agreements to minimize these risks will con- 
tinue (NAS 11, State). 

Although hazards, by definition, cannot be beneficial, 
our increased awareness of them is a positive develop- 
ment, An increase in the general public's understanding 
of risk assessment is becoming urgent. That is, since the 
complete elimination of hazards is impossible, informed 
decisions need to be made that balance the benefits of 
a particular technology against the risks it poses and the 
risks of one technology against those of a substitute tech- 
nology. The decisions can be revised as better scientific 
information that permits improved assessments of the 
effects of specific hazards becomes available. Determin- 
ation of risks and benefits can pose formidable problems, 
since realistic appraisals must try to assess the long- 
range economic and social costs of not implementing a 
particular technology or of imposing stringent regula- 
tions upon its implementation, as well as immediate risks 
associated with less stringent regulations. The need for 
effective regulatory policies gives urgent priority to the 
refinement of risk assessment methodologies (NAS 9, 
EPA, FDA, Seskin and Lave). 

Growing public involvement in the assessment of 
technological impacts has been encouraged by Federal 
legislation of the 1970s— especially the National Envi- 
ronmental Protection Act and the Freedom of Informa- 
tion Act. The right of citizen representatives to intervene 
in environmental proceedings has been clarified and ex-, 
tended by recent legislation (Nelkin). However, better 
studies are needed to assess the relative effectiveness of 
different modes of public participation, and particularly 



ERIC 



of the appropriate timing in making public participation 
maximally beneficial, without unhappy consequences 
for the broader public interest. 

In principle, scientific and technological information 
about hazards should improve the basis for debates about 
technologies by clarifying issues of associated benefits 
and hazards or costs. However, it does not necessarily 
follow that opponents of a particular action primarily 
rely on technical information, since individual and social 
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values as well as factual information enter into the de- 
termination of acceptable risk. Nevertheless, democratic 
ideals, as well as the political necessity of seeking a 
broad consensus for technology policies, imply the need 
to improve public understanding of risks, costs and ben- 
efits and to develop mechanisms to invoive those who 
may be placed at risk as a result of a proposed course 
of action in arriving at decisions about its implementa- 
tion (Nelkin, Seskin and Lave). 



PARTIAL SYNOPSIS 
of Volume II Source Materials 



This synopsis of the U.S. Government agency reports and the commissioned papers 
on science, technology and public policy that appear in Volume II is intended as a giTde 
to those source materials. However, a synopsis camiot capture all details of a presentation 
For that reason, users of this Five-Year Outlook are advised to refer to the original papers 
whenever possible. 

The National Science Foundation prepared this synopsis and is wholly responsible for 
any explicit or implicit departures from tiie original papers that may have resulted in the 
process. However, to the extent tiiat the views expressed in the synopsis of the com- 
missioned papers accurately reflect those expressed in tiie papers themselves, they are 
the views of the authors and not of the Director of the National Science Foundation or 
the United States Government. 



The Government View: Statements by Selected 
U.S. Government Agencies 



DEPARTMENT OF AGRICULTURE (USDA) 

USDA lists numerous issues in which basic, applied* 
and developmental research can enhance the economic 
and environmental value of U.S. agricultural and forest 
lands: 



Natural Resources and Environment 

The effects of environmental legislation and regula- 
tions on food production must be assessed. Moie effi- 
cient irrigation practices, growth of plants that require 
less water, and ways to increase water supplies are 
needed. The effects of weather and climate on plants 
and livestock must be better understood. Ways must be 
found to increase crop production on land of lower qual- 
ity. Economic and legal analyses of government regu- 
lations on rural land use are needed. Sujh variables as 
farm size, location, and crop raised must be studied so 
that regulations and policies can be improved. The fate 
and pathways of plant nutrients and other chemicals in 
soil and groundwater require investigation. 

Energy 

Production of onsite energy from agricultural wastes 
holds promise. Plants are the only renewable raw ma- 
terial that produce some hydrocarbons now obtained 
from petrochemicals. These plant products presently arc 
not cost effective, but this is changing. The conversion 
of biomass to energy competes with other uses for which 



the ecooonucs may be more favorable. The use of solar 
energy lo agritmhure is now limited* but prospects for 
dramatic tedinica] bfeakthrou^ thai could lower costs 
appear to justify substantial increases in research. 

Agriculture Policy 

The structure and organization of U.S. agriculture are 
changing— for example* the trend to fewer and larger 
farms. The changes must be analyzed in depth to equip 
policymakers with a greater understanding of the impacts 
of Federal programs, market conditions* and technolog- 
ical developments. 

Food Industry Structure 

Researdi is needed to determine the effects of gov- 
ernment regulations* technology* and competition on the 
food marketing and distribution sector. There is also a 
need to identify new alternatives that would ease the 
access of small and part-time farmers to maricets and 
enhance the opportunities for consumers to obtain high- 
quality food at reasonable prices. The policy debate over 
cooperatives and their impact is likely to continue. 

World Food and Fiber Forecasting 

Aerospace remote sensing has the potential to improver 
significantly the forecasting of the international supply 
of food and fiber. 
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Transportation 

Mom infonnation is needed on how deteriorating rail- 
n)ads» poor loads and bridges, and a variety of govern- 
ment actions are adversely impacting agriculture and ru- 
ral America. 

Crop Productivity 

Research opportunities in plant biology include im- 
proving the taxonomy of economically important crops, 
developing plants that can grow efficiently on submar- 
ginal land, and learning more about plant physiology 
and photosynthesis. Nitrogen fixation and DNA research 
are also important, but they are constrained by a lack of 
interdisciplinary efforts. Safer pesticides must be devel- 
oped, as well as improved quarantine procedures and 
detection methods. Research is needed on the environ- 
mental, economic, and social impacts that alternative 
Federal environmental quality standards, policies, and 
programs may have on agriculture and niral areas. It is 
also necessary to establish and maintain ecosystems that 
optimize food production while providing other benefits. 
G>DStraints include the lack of secure research facilities 
and the slow implementation of integrated pest manage* 
ment activities. 

Animal Productivity 

Opportunities in animal biology include improving the 
birth rate of beef cattle and swine and using genetics to 
develop animals with desirable characteristics. Control 
and management of the animal microenvironment pre- 
sent such opportunities as protecting livestock from dis- 
ease and parasites, developing more efficient animal pro- 
duction methods, and finding ways to decrease the 
impact of pests on productivity. Constraints include re- 
moval of certain chemicals formeriy used by government 
agencies, aixl unanswered questions regarding dietary 
composition, food safety, and the increase of livestock 
concentrations. 

On-Farm Product Losses 

Improved harvesting methods, machinery, storage 
techniques, and facilities would help minimize on-farm 
losses. Environment is a key factor in livestock produc- 
tion, and recent research has led to some improvenients 
in this area. The technology needed to alleviate losses 
is economically unattractive now, although this situation 
is changing. 

Food and Fiber 

Environmentally acceptable methods are needed to 
protect and preserve foods. Food costs can be reduced 
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by developing energy-efficient technologies that reduce 
handling and improve protection. Food safety must be 
increased by finding better ways to identify aoid safely 
dispose of contaminated products. Natural fibers must 
be made more competitive with fossil fuel-based prod- 
ucts. 



Human Nutrition 

Steps needed include better understanding of nutri- 
tional requirements, improved data on food consump- 
tion, and better understanding of how eating habits arc 
formed. Constraints include limits on using humans in 
research and fragmentation of research activities. 

Forest Resources 

Research is needed to help resolve the conflict be- 
tween the growing demand for m.ore goods and services 
from the Nation's limited forests and rangelands, and 
increased environmental awareness. 

Adequate Forests 

The need for forest products will double by the year 
2000. Timber research must provide new knowledge 
about the culture, breeding, and economics of growing 
trees while preserving other forest values. The lack of 
appropriate harvesting equipment limits production in 
many areas. Expanded research is needed to permit using 
low-quality trees and residues. 

Forest Protection 

Each year insects, diseases, and wildfires kill an 
amount of timber equal to one-fifth of the annual harvest; 
they also impair aesthetic values, recreational opportu- 
nities, watersheds, and wildlife habitats. Research is fo- 
cused on preventive measures and control methods. 

• Soil and water quality. As the intensity of forest 
management increases, research is needed on 
providing adequate supplies of high quality 
water, protecting the soil, and alleviating pollu- 
tion. 



Habitat for Domestic Species 

Past research developed guidelines for tailoring forest 
and range management practices to the needs of certain 
wildlife and fish, especially game species; the need now 
is to develop information that is more widely applicable 
to nongame species and to a greater variety of habitats. 

19 



Recreation Benefits 

Research is needed to quantify social and economic 
benefits from recreation. 

Rural and Community Development 

More effort is needed to develop comprehensive 
models that systematically relate development and eco- 
nomic variables as a basis for analyzing, projecting, and 
forecasting development of rural areas. 

New Agricultural Technologies 

There is a need for means to anticipate the distribu- 
Honal impacts of any major new technology under con- 
siderauon, as well as its indirect, delayed, and side im- 
pacts. 



DEPARTMENT OF COMMERCE (USDQ 

.K."^^ ' technology goals are to promote 

the efficient production of goods and services, to im- 
prove the competitiveness of U.S. industry, and to en- 
hance industry's abilify to meet ocher social goals To 
attain these goals, DOC lists 17 areas in which efforts 
are underway or are nseded: 

Industrial Innovation 

USDC led a domestic policy review that made rcc- 
ommei»dj-.L%>n* on how to sdmulate industrial innovation 
The review has caused the President to cosisider pro- 
gnuns dealing with procurement. Federal support of re- 
search and development, /sgulations, economic and 
trade policies, patents, and information. 
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Materials Shortages 

Replacements are needed for scarce materials. Com- 
posites can save both materials and energy. Corrosion, 
fracture, and wear must be reduced, and more resources 
must be recovered from waste. 

Economically Adverse Climate Conditions 

USDC liste 15 programs designed to assess the effects 
of climate, upgrade methods for forecasting, and im- 
prove dissemination of dato. 



Marine Technology 

An ocean engineering organization should be set up 
to manage marine technology efficienUy. USDC's Na- 
tional Sea Grant Program is sponsoring research on re- 
ducing corrosion in the marine environment, on biolog- 
ical fouling of materials, and in other areas. 

Ocean Pollution 

USDC research is addressing such problems as oil 
spills and monitoring of ocean dumping. 

Seafood Production 

Even though a major share of the worid's fisheries 
lies in U.S. waters, much of the catch is processed 
abroad because the U.S. fishing industry cannot effi- 
ciently catch dnd process it. Products suitable for large 
foreign inaricets must be identified and ways must be 
found to produce and preserve them. To prevent short- 
ages m the future, supplies of seafood must be increased 
by agriculture and tlirough research in fish genetics 



Government-Industry Cooperation 

Govenunent and industry may joinUy solve techrical 
problems. One potential prt)gram for cooperative devel- 
opment of generic technology in areas of particular need 
is being studied as a result of recommendations of the 
Office of Management and Budget. 

Alternative Energy Sources 

USDC is working to develop energy sources from the 
Sun, the oceans, and geothermal reserves. Problems ip 
shipping oil and gas from offshore and arctic sites must 
be solved. Additional envirt)nmen?ally sound petroleum 
refining and storage facilities are needed on the East 
Coast. 



Marine Pathogens 

Better methods are needed for determining the pres- 
ence in water of organisms that can spread disease to 
humans. 



Automated Manufacturing 

Widespread use of automation in manufacturing can 
increase production, but lack of capita], resistance by 
labor, and technological problems are major roadblocks. 

Fire Losses 

More knowledge of the dynamics of fire can reduce 
losses and result in tetter regulations. 
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Home Communication Systems 

Demand may grow for communication systems to sup- 
pkmenl telephone and television; optfcai fiber technol- 
ogies appear to have potential here. 

Toxic Substances 

Current procedures tor assessing the risks of chemi* 
cals arc extremely expensive, so it is imperative that 
assessments be accurate. USDC's National Bureau of 
Standards helps assure measurement quality through its 
Standard Reference DaU and Standard Reference Ma- 
terials. 

Radiation Hazards 

The recent explosive growth of electromagnetic radia- 
tion sources causes concern about potential health haz- 
ards from nonionizing radiation. Effects of ionizing ra- 
diation are a continuing concern. Such radiation is 
controlled by a number of regulations whose economic 
impact is significant; thus, the daU used in the regulatory 
process must be accurate. 

Scarcity of Radio Spectra 

Increased demand for communication systems is re- 
sulting in congestion and scarcity in the radio spectrum. 
New engineering methods of spectrum management, 
computerized daU bases of equipment characteristics, 
and radio transmission models can help solve this prob- 
lem. Research may also allow use of infrared and mil- 
limeter wave regions. 

Rural Communications 

Improvements in rural communications would help 
bring rural social services up to the level of those in 
urban areas. 

Electronic Mail Transmission 

Current technologies and infrastructuresr— including 
satellites, data communications, and microprocessors — 
can permit electronic transmission of some mail on a 
large scale in the near future. 



DEPARTMENT OF DEFENSE: ADVANCED 
RESEARCH PROJECTS AGENCY 

The Advanced Research Projects Agency lists 14 
"Current and Emerging Problems of National Signifi- 
cance" and then discusses "Opportunities for the Use 



of New and Emerging Technologies," mentioning con- 
straunts on their use where applicable. 

Lund Combat 

Advances in antitank weaponry make development of 
better armor a necessity. New armor materials will lead 
to lighter and more mobile combat vehicles. New radar 
data processing and missile technologies permit targeting 
with greater accuracy and range. 

Aircraft 

The urgent need for low-cost high-performance air- 
craft may be met by the X-wing and forward-swept wing 
concepts. Better multimode seeker technology will allow 
missiles to better search for and lock onto targets. 

Power Systems 

Radical improvements in turbine engines and the de- 
velopnKnt of new materials will allow greater engine 
efficiency and contribute to fuel conservation. New bear- 
ing materials and designs arc needed to cope with in- 
creased engine efficiency; solid lubricants also will help. 
Advances in systems for collecting current are needed 
to develop electrical transmissions, electromagnetic 
launchers, pulse power sources, and high-energy storage 
machines. 

Antisubmarine Warfare 

ImprovenoenLs are needed in submarine detection sys- 
tems, as well as in systems to protect friendly subma- 
rines from enemy detection. Research is needed in ad- 
vanced acoustic arrays and multlsensor correlation 
techniques; optical fibers have potential for these appli- 
cations. 

Space Systems 

New space-based sensors are needed to warn of enemy 
missile attacks in any weather. Building larger space 
structures that arc easy to erect and display will require 
new design concepts and materials (including metal ma- 
trix composites). Visible lasers have great potential for 
space, but coating materials arc presently inadequate. 

Nuclear Testing Verification 

More knowledge is needed about seismic waves, 
about the Earth's geophysical characteristics and their 
interaction with explosions, and about methods to meas- 
ure from space the radioactive emanations from explo- 
sions on Earth. Detection methods must be as nonintru- 
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sive as possible, yet must be effective from thousands 
of kikmeteis away. These difficulties present major 
roadblocks. 

Communications 

Packet communications systems provide models for 
new technology using multimedia information channels. 
Digital voice transmission systems will allow increased 
efficiency in encoding and can also be apf^lied to packet 
communications. In signal processing, new semiconduc- 
tor designs and other technologies must be developed to 
cope with ever-increasing amounts of information that 
must be stored. 

Computers 

Reductions in the size and weight of computers and 
increases in their capabilities dictate their increasing use 
in national defense. Computers under development can 
store massively greater amounts of information at less 
than 1 percent of current costs. Constraints on this tech- 
nology's development include the relative unreliability 
of existing equipment, the growing cost of implementing 
software, and the lack of trained personnel. 

Training 

Training will improve through use of increasingly 
complex instructional computen. Other advances will 
be improved videodisc technology and geographically 
dispersed instructional systems that "bring the school- 
house to the smdents.'' At the same time, expert systems 
can replace personnel in performing many monitoring 
and repair functions. 

Cybernetics 

Human neural processes must be better understood, 
including the effects of stress on decisionmaking. By 
1985, computerized "warning systems" will be availa- 
ble that can analyze economic, political,. and military 
variables to provide alert lists and country-siniation prx)- 
files. New computer technologies will focus on com- 
mander-oriented systems for quick personal use. How- 
ever, the importance of human factors in the design of 
sophisticated new weapons systems is not fully appre- 
ciated. 

Defense Costs 

The new theories of wear, new methods for detecting 
it, and new surface treatments being developed may 
lower the cost of national defense over the next five 
years. New coating technologies that provide better le- 
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sistance to corrosion atKl rust will conserve equipment 
and lower costs. The applbalion of new technology to 
manufacturing processes allows greater uniformity and 
control; however, the importance of this technology fre- 
quently is overlooked. In addition, conservation of ma- 
terials is not often considered as a way to lower defense 
costs. Reducing dependence on critical foreign materials 
is vital to national security. 



DEPARTMENT OF DEFENSE: AIR FORCE 

In addition to its own resources, the Air Force uses 
industry and the universities to carry out research and 
development. To improve its planning efforts, the Air 
Force has developed a major initiative. Project Van- 
guard. Basic research is underway in a number of near- 
term projects that deal with advanced technologies such 
as charged particle beams, long-life rechargeable batter- 
ies, microwave tubes, and toxicological hazards. 

Research and development resources are concentrated 
in seven near-term technologies: 

Propulsion 

Past research on the turbine engine has concentrated 
on improving performance, but the thrust now is to im- 
prove stress durability. Work is also continuing on 
spacecraft power rocket propulsion, ballistic missiles, 
and fuels. 

Materials 

New materials for structural applications, seals and 
sealants, and long-life gas turbine engine components 
are currently being researched. 

Flight Vehicles 

Improved structural materials, designs, and compo- 
nents are being developed. Major considerations will be: 
improvement in aircraft performance, reliability, and 
survivability; reduction in costs; and energy conversion. 

Weaponry 

Conventional munitions research will concentrate on 
antiarmor technology, including a new short-range air- 
to-air missile. Development of laser weapons will con- 
tinue, and new and emerging technologies will be stud- 
ied to determine if they can be used in weaponry. 

Electronics 

Advances here will dramatically improve aircraft per- 
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formance. Hi^-^)eed circuit, ifchnology is improving 
under a triiervsce research pfognm. 

Enviranmifit^eophysics 

Research continues to design equipment that can func- 
tion efficiently under all environmental conditions, while 
meeting environmental regvlatory standards. Data from 
the Spacecraft Charging At Hi|^ Altitude (SCATHA) 
satellite and the Optical Atmospheric Quantities in Eu- 
rope (OPAQUE) program will be reduced and analyzed. 

People 

Better measures of recruit aptitude and attitude, along 
with computer-based instructional methods, are being 
developed. Biomedical research in Fiscal Year 1980 will 
emphasize the chronic effects of low-level radiofre- 
quency radiation and predictive toxicology. The Health 
Evaluation and Risk Tabulation (HEART) program will 
help reduce heart disease occurrence in personnel. 

Long-Term Technology Issues 

These include decisions conceming what percentage 
of the Air Force budget should be allocated for R&D, 
whether spaced-based systems can survive well enough 
to justify our incrreasing reliance on them, and whether 
we can exploit technological opportunities quickly enough 
to use them. 



DEPARTMENT OF DEFENSE: ARMY 

The Army's flve-year science and technology goal is 
to enhance its ground combat capability. Meeting the 
goal requires solving a number of key problems. 

Armor and Counterarmor Capability 

New and better materials must be fabricated for use 
as armor, and armor-penetrating technology must be im- 
proved. 

Commands Control Commumcc - \ and Intelligence 

New equipment is needed to increase the ability to 
handle and process large volun;es of data and commu- 
nications under combat conditions. VHSI (very high 
speed integrated) circuits may overcome significant 
shortcomings of current military computer systems by 
reducing the size, weight, power consumption, and fail- 
ure rate of existing systems, thereby realizing significant 
savings in both initial and life-cycle costs. Radio equip- 
ment must be improved to neutralize more easily delib- 



erate jamming and relieve crowded spectra. Low-cost 
optical fiber communications offer some advantages 
over present wire arxi cable systems, arx! optical fiber 
purification techniques can overcome vulnerabilities to 
nuclear radiation. 

Ability to Conduct Combat Operations under Adverse 
Conditions 

One of the most promising opportunities for operating 
when visibility is poor lies in exploiting the 100 to 1 ,(XX) 
GHz portion of the electromagnetic spectmm. 

Battlefield Mobility and Firepower 

New fuels such as gasohol or methane, alternatives to 
the intenud combustion engine, lightweight materials, 
and*snuller and lighter rechargeable batteries are ur- 
gently needed. Use of realistic "engagement simula- 
tion" techniques in combat training has proved more 
successful than earlier techniques. 

Health and Survival of the Combat Force 

Research on military disease hazards is advancing dra- 
matically, and the trend is likely to continue. Progress 
in immunobiology is most spectacular, opening new av- 
enues for rapidly identifying microorganisms, under- 
standing disease mechanisms, and developing preventive 
measures. Research on DNA, on accelerating immune 
responses, and on integrated controls of pests is contin- 
uing. Research on blood will be multifaceted. Research 
also will continue on munitions effects, anesthetics, bet- 
ter animal models, protection against occupational ex- 
posure to hazardous substances, better protective cloth* 
ing, and psychological stresses. Military dentistry must 
also be improved. 

Fire- and Flame-Resistant Fabrics 

Rc^iearch on the use of intumescence \v textiles may 
significantly decrease the flamrnability of luture fabrics. 

Structures 

Recent dam failures make necessary the development 
of continuous monitoring techniques that are cost effec- 
tive, precise, and reliable. 



DEPARTMENT OF DEFENSE: NAVY 

The Navy's science and technology objectives fall 
within six categories: 
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Materials and Structures 

CofTOsion is a imjor problem iggnvated by depend- 
ence on scarce foreign materials to combat it, EfTorts to 
deal with cofrosion include research on such new anti- 
corrosion techniques as surface modification through ion 
implantation. Predictive models must be developed to 
understand the problems of gradual degradation of ship 
capability. 

litformation from Computers 

Humans are limited in their ability to quickly assim- 
ilate much data from numerous sources. Research is 
therefore needed on all aspects of computer-aided deci- 
sionmaking, including logic. Studies are also needed on 
the interaction of all computer components. 

Military Science 

The ability to "see" submarines and targets beyond 
the horizon must be perfected. Research is needed to 
develop fast turn-on highpower devices and passive 
range-determining techniques, and to learn more about 
frequency and phase codes. Constraints include the lack 
of priority, workable ideas, trained personnel, and 
money. 

Health 

A vaccine for malaria is a possibility. Research is 
continuing on the effect of the electromagnetic environ- 
ment on humans. Genetic engineering can create biolog- 
ical warfars agents, but can also provide useful drugs. 
The causes of diseases with long latency periods must 
be studied. Prostaglandin BI can help alleviate the lack 
of oxygen to wounded parts of the body, but more re- 
search on that subject is necessary. Hunum response to 
motion, acceleration, and impact must be studied. Due 
to increasing nationwide concern about protecting hu- 
man and animal subjects in research, suitable alternative 
models must be developed. 

Environment 

Information on the ocean and arctic environments is 
needed and can be gained by use of satellite sensors, 
onsite measurements, and computer modeling. Infor- 
mation is required on propagation, including micro- 
waves, and solar and plasma radiation. A substitute for 
creosote is needed if ihe Environmental Protection 
Agency bans its use. 

Manpower 

Improving work-force effectiveness through better se- 
lective and testing techniques is a major need. A declin- 
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ing reservoir of young people is leading to recruitment 
and retention problems. A single plan to deal with man- 
power problems must be developed. 

DEPARTMENT OF ENERGY (DOE) 

DOE'S v-term science and technology outlook is 
directed broadly toward developing solar, nuclear fir 
don, and fusion energy resources to replace dwindling 
supplies of petroleum, and toward transforming the more 
abundant fuels— coal, for example— into alternate forms. 
Conservation of supplies is also a major DOE thrust. 
The major categories of research are: 

Solar Energy 

For solar energy to compete with conventional energy 
sources, it must be made more cost effective. Research 
is necessary in many areas, including materials science, 
basic physical and chemical phenomena, systems for u:u 
in oceans and space, and solar energy storage. 

Geothermal Energy 

Research is needed in a number of areas, including 
novel techniques for characterizing geothermal re- 
sources, direct heat applications of geothermal fluids, 
and development of new drilling technology. Three 
types of geothermal energy have the most promise: va- 
por- and liquid-dominated hydrothermal energy, geo- 
pressurizcd hydrothermal energy, and hot dry rock. 

Fossil Energy 

Research is needed to make present extraction and 
processing techniques more efficient. Modem scientific 
tools— including nuclear magnetic resonance, chroma- 
tography, microwaves, and lasers— are revealing the 
structure of fossil fuels and the fundamental mechanisms 
involved in their processing. This knowledge provides 
the basis for innovative ideas for new or improved tech- 
nologies in such areas as conversion of coal to clean 
fuels, direct combustion of coal, enhanced oil and gas 
recovery, use of oil shale, coal liquefaction and gasifi- 
cation technology, and electrical power generation. 

Fission Energy 

First, DOE will refine the light water reactor as a 
major electricity source by dealing with siting and waste 
management problems. In th?s regard, low rrriched ura- 
nium oxide tiiels, chemical cleaning techniques to re- 
duce radiation fields, and safety technology must be de- 
veloped. Second, such alternative reactor concepts as 
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the Liquid Metal Fast Breeder, the water-cooled breeder, 
aiKl the gas-coolcd fast breeder will be studied. DOE's 
third fission objective is to develop an effective waste 
management policy. Public participation will be a major 
factor in shaping this policy. Research is needed on con- 
version of wastes into a form safe for long-term geologic 
storage, and on development of handling, storage, and 
monitoring techniques. 

Fusion 

This technology will not be conmiercially available 
until the next century. Two approaches arc being ex- 
plored — magnetic confinement and inertial confinenient. 
Near-term objectives of fusion research include dem- 
onstration of its feasibility, establishment of a sound en- 
gineering development base, and reduction of experi- 
mental research costs. Technical issues needing 
investigation arc plasma behavior, scaling laws, proto- 
type aiKl technology development, and materials behav- 
ior. Important environmental issues include control of 
radioactivity, safety analysis and engineering, and haz- 
ards to ecology and human health. 

Environment 

DOE conducts extensive research on safety and on 
how all energy technologies affect health and the envi- 
ronment. Four major research areas arc under investi- 
gation: (I) Pollution studies include determining tlie 
chemical and physical mechanisms of pollutant trans- 
formation in the atmosphere, developing models for pre- 
dicting biological effects, and developing better meas- 
urement technology. (2) Environmental studies aim to 
identify pathways and rales of transfer of energy-related 
pollutants, to determine their biological effects, and to 
eliminate pollutant pathways. (3) Health studies seek to 
identify the biologically active forms of hazardous 
agents, develop useful and sensitive indicators for de- 
tection of biological damage, and determine the effects 
of pollutants on people. (4) Carbon dioxide studies aim 
to predict future atmospheric concentrations and dis- 
cover ways to reduce their impact. 

Basic Energy Sciences and High-Energy and Nuclear 
Physics Programs 

The Basic Energy Sciences program will expand sig- 
nificantly in scope in 1980, particularly in solar biomass 
technology. Research is also needed in the gcosciences 
and on safe immobilization of nuclear wastes. DOE is 
the principal agency for high-energy and nuclear physics 
research, subjects of great national importance. DOE 
will strive to maintain this Nation's world leadership in 
the field. 



DEPARTMENT OF HEALTH, EDUCATION, AND 
WELFARE: ALCOHOL, DRUG ABUSE, AND 
MENTAL HEALTH ADMINISTRATION 

National Institute on Alcohol Abuse and Alcoholism 
(NIAAA) 

The National Institute on Alcohol Abuse and Alco- 
holism (NIAAA) will coiKiuct research in a number of 
areas during the next five years. Efforts to uncover pos- 
sible genetic, familial, or psychosocial factors that may 
predispose a person to alcoholism or other alcohol-re- 
lated disorders must be stepped up. Studies of patho- 
genesis must focus on the mechanisms by which alcohol 
affects metabolism, immunologic responses, endocrine 
functions, neurophysiological and psychiatric processes, 
aiKl on alcohol's relation to such major disorders as can- 
cer. Diagnostic techniques for the early identification of 
alcohol problems must be developed, including labora- 
tory and functional objective tests. 

Studies will seek to develop more sophisticated and 
useful methodologies for assessing both new and exist- 
ing treatment techniques. Research is needed to identify 
basic principles of learning aiKl motivation in alcohol- 
related problems (for example, accidents and violence) 
and to explore how economic and regulatory techniques 
or familial aiKl peer relationships might be used as mech- 
anisms for prevention programs. Alcohol-related fetal 
disorders arc in need of study, as is the value of alcoholic 
beverage control laws as a preventive technique. High- 
risk populations and drinking practices must be identi- 
fied; in addition, information networks are required so 
tlu.f new research can be passed on quickly to clinicians. 

National Institute on Drug Abuse (NIDA) 

The National Institute on Drug Abuse (NIDA) re- 
search will be directed to many areas. The use of 
LAAM, naltrexone, and buprenorphine to treat heroin 
addiction shows great promise. Research will also con- 
tinue on the psychological dependence of users and on 
the psychology of trcaters. The Treatment Outcome Pro- 
spective Study is an effort to understand the natural his- 
tory of persons entering Federal treatment programs. 
Studies of the mechanisms underlying pain relief con- 
tinue, as do those of factcx^ that predispose persons to 
cigarette smoking. Research is expanding on the poten- 
tial role of polypeptides as the brain's regulators of pain 
and pleasure and on their role in mental functions. 
Knowledge about neural pathways and the role of chem- 
ical neurotransmitters is growing, which should lead to 
advances in general mental health. 

Physical predisposition to drug abuse and its ncuro- 
scicntific ^sis must be studied. Drug abuse and other 



disorders of sclf-control (including alcohol and tobacco 
use and. possibly, gambling) might be attacked collec- 
tively if self-control mechanisms were better understood. 
Research is underway to determine the factors involved 
in the initiation of drug abuse behavior patterns and to 
increase our understanding of drug abuse careers. Stud- 
ies are planned on the genetic, immunological. aiKi de- 
velopmental effects of marihuana on 11- to 15-year-old 
users, who may be harmed more than young adults. Pie- 
diction studies can probably formulate equations to in- 
dicate which children arc most likely to abuse drugs. 
Studies of family, socialization, and group factors will 
continue, to determine their effects on drug abuse in 
adolcsccp*s. Research is also underway in a number of 
other areas. 

National Institute of Mental Health (NIMH) 

The National Institute of Mental Health (NIMH) will 
be conducting research in childhood and adolescent dis- 
orders; the study of psychopathology in these persons 
has not kept pace with studies of adults* problems. Re- 
search on disorders of aging must be stepped up as our 
population grows older. In epidemiology, better data are 
needed on the extent of mental disorders, where they are 
treated, and at what cost. Two main areas of treatment 
research warrant attention: the efficacy of psychosocial 
treatments for mental health problems, and drug therapy. 
Also of importance in NIMH's efforts are basic research 
(including genetics, neurotransmitters, and brain chem- 
istry) and clinical research on schizophrenia, diagnostic 
procedures, and depression. In prevention, the impor- 
tance of specific risk factors must be determined, and 
public attitudes toward mentally ill persons must be im- 
proved. 

DEPARTMENT OF HEALTH. EDUCATION. AND 
WELFARE: FOOD AND DRUG ADMINISTRATION 
(FDA) 

A review of FDA's anticipated science and technology 
needs over the next five years identified seven broad 
areas of research: 

Bioassay Methodology 

Crucial problems arc the shortage of animals for in 
vivo testing of potentially toxic substances and the con- 
sequent need for these tests to be supplemented or re- 
placed by rapid, in vitro tests. In vitro testing to deter- 
mine structure-activity relationships can allow 
prcscrcening of candidate substances in need of in vivo 
study. Current emphasis is on rapid in vitro screening 
for carcinogenicity. The placebo effect must also be 
studied. 
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Toxicology 

As analytical methods become more sophisticated, 
new tests, screening programs, regulations, and moni- 
toring programs are needed. New toxicological end- 
points must be assessed, due to advances in knowledge 
of immunotoxicity. neurotoxicity, and behavioral tox- 
icity. Knowledge is also needed on new routes of ex- 
posure, particularly inhalation and absorption by the 
skin. A linear dose response in toxicity bioassays is not 
always encountered, so the extrapolation of high-dose 
experimental effects in animals to low-dose effects in 
humans will be a controversial topic. Methods to identify 
the effects of cocarcinogens and promoters are sorely 
needed. Fmally. more knowledge is needed on the me- 
tabolism of chemical agents and how their biological 
effects arc modified. 

New Substances 

Among the numerous new products regulated by FDA 
that will enter the market in coming years will be better 
vaccines against hepatitis, influenza, and other viral and 
bacterial strains. Polypeptide hormones (for example, 
human insulin) and biologically active polypeptides 
(some for use as nonaddictive analgesics) will undoubt- 
edly be available. All of these products, along with the 
broad-spectrum antiviral interferon, arc candidates for 
production via DNA cloning techniques. The resulting 
products arc expected to create novel problems of pro- 
duction and purification. 

Analytical Chemistry 

Some toxic and carcinogenic agents (for example, 
dioxins) produce effects at the pans-per-billion or trillion 
level. Detection of such agents taxes the state of the an 
of analytical technology, and more sensitive methodol- 
ogy is needed. Rapid, inexpensive, automated, multi- 
residue assays are needed for animal drug and pesticide 

residues, industrial contaminants, and other toxins 

some as yet not isolated. The purity of regulated prod- 
ucts (antibiotics, food colors, commercial chemicals) 
will be improved through better analytical techniques to 
discover impurities and contaminants. New analytical 
technologies (computerized mass spectrometry. Fourier 
transform infrared spectroscopy, and laser Raman spec- 
troscopy) arc being increasingly applied to regulatory 
problems. Such rapid progress also creates regulatory 
problems. 

Radiation Safety 

Efforts will be made to reduce unnecessary clinical 
exposure to x-rays and other ionizing radiation sources. 
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Assessing the health effects of such nonionizing radia- 
tion as ultrasound and microwaves is likely to be inten- 
sified because the potential hazards are poorly under- 
stood. 

Risk-Benefit Analysis 

Risk analysis raises many technical, practical, and 
ethical problems; the prospect that current regulations 
may be expanded to include benefits raises additional 
issues. A study is needed on the effectiveness of pre- 
vious risk-benefit analyses. Baseline, consumption, and 
incidence surveys arc necessary. Current total diet stud- 
ies for pesticides, industrial contaminants, and nutrients 
can be anticipated. 

Other Problems 

These include the need for improved methods to de- 
termine biocquivalence of drug substances; knowledge 
of the relation between nutrition and disease; biocom- 
patibility of medical devices; new diagnostic products; 
control technology; and coordinated planning of researdi 
and emergency responses by FDA and the government 
in general. 

DEPARTMENT OF HEALTH, EDUCATION, AND 
WELFARE: NATIONAL INSTITUTE OF 
EDUCATION (NIE) 

Recent progress in three areas of science and tech- 
nology — when developed and implemented — will have 
important effects on education: 

Cognitive Science 

The new understanding of human intellectual pro- 
cesses growing out of cognitive science permits better 
designed instruction and testing, which can be more 
closely fitted to cultural background. For example, 
knowing the basic processes by which people understand 
language (instead of merely measuring their comprehen- 
sion of it) can allow a teacher to determine the processes 
in which a student is weak, thus facilitating remedial 
instruction. Advances in this field arc also permitting 
development of computer programming that can simu- 
late human cognitive processes. NIE*s Center for the 
Study of Reading is giving major attention to the role of 
background knowledge in reading comprehension, to 
prior language experiences, and to reading strategics and 
tactics. A 1978 NIE conference on testing research rec- 
ommended research in such arcas as the use of tests as 
teaching instruments, multiple forms of assessment of 
student learning, and the effect of cultural and linguistic 



factors in testing. Such research will soon be underway. 
Advances in sociolinguistics and videodisc technology 
arc allowing a greater understanding of how students 
interact and learn in the classroom. 

I nformati en-Handling Technology 

Devices currently on — or nearly on — the market in- 
clude computers and calculators, videodisc systems ca- 
pable of storing 10 billion bits of information, and other 
such technology as TV games and word processing de- 
vices. Information-handling technology will keep stu- 
dents actively learning for a longer time and will identify 
individual student needs more efficiently. NIE favors 
Federal funding of research on computer-based educa- 
tion programs. This research should focus on both the 
technology and ways to manage it effectively. NSF and 
NIE arc cooperating on research and development using 
this technology, and NIE is doing some research on its 
own. More is needed, however. Information handling 
can be applied to drill and practice, new test design, and 
other educational problems. It can supplement regular 
classroom instruction as well. 

Organizational Science 

The bureaucratic structure of educational organiza- 
tions has come under increasing criticism. This problem 
has been aggravated by changes in demographics that 
have occurred too rapidly for educational institutions to 
cope with them. Attempts have been made to apply mod- 
em management and information sciences to educational 
organizations. However, two problems have interfered: 
more information is needed about the details of teaching 
activities and their susceptibility to change, and educa- 
tional organizations' goals and technologies are less de- 
fined and understood than in other types of organiza- 
tions. Additional research on educational organizations 
is needed. 

Other problems fundamental to bureaucracies include 
overemphasis on procedures and hierarchy, too much 
specialization, and too much dependence on rational 
planning, even in the face of uncertainty and conflicting 
information. These are particularly noticeable in edu- 
cational organizations. Research on these problems is 
currently being carried out by NIE and will be used in 
the design of new educational support programs. 

DEPARTMENT OF HEALTH. EDUCATION, AND 
WELFARE: NATIONAL INSTITUTES OF HEALTH 
(NIH) 

A National Conference on Health Research Principles 
was convened in 1978 to map out a strategy for biomcd- 
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ical research in the next five years. Among the critical 
national issues that will confront NIH arc the following: 

Sustaining Basic Research 

The national conference stressed the need for a strong 
commitment to basic research, which in the past has 
contributed immensely to improving human health and 
well-being. Progress is being made in genetics, inmiu- 
nology, virology, cell biology, and the neurosciences; 
however, the science bases needed to combat cancer, 
heart disease, and other health problems are complex 
and imperfectly understood. Difficult tradeoffs must be 
made between funding long-term and short-term re- 
search. 

Recombinant DNA Research 

This research has great potential in a number of ap- 
plications, but questions of health and safety remain. 
NIH guidelines on recombinant DNA, issued in January 
1979, will go a long way toward protecting public health 
and the environment from possible risks. NIH will 
closely monitor application of these guidelines for sev- 
eral years to assess their effectiveness. 

^fajor National Health Problems 

Cancer remains a major problem, but progress is being 
made toward prevention through the recognition of en- 
vironmental factors as major causes. Public education 
efforts to help high-risk populations will begin in 1980. 
Progress in combating leukemias, lymphomas, and cer- 
tain childhood cancers has also been dramatic. Efforts 
to combat heart and lung diseases will continue apace 
in the 1980s, and new instruments allow noninvasive 
early detection. Studies will be conducted on aspirin as 
a treatment for coronary artery disease and hypertension. 
The National High Blood Pressure Education Program 
will be developed further, and the Food for Health Pro- 
gram will be used as a model for new education pro- 
grams on nutrition. Other important health problems 
being addressed include arthritis and diabetes, digestive 
and infectious diseases, and aging. 

Environmental Toxicology and Nutrition Research 

The National Toxicology Program, begun in 1978, is 
designed to assess and coordinate all toxicology research 
in various HEW agencies. It will be implemented by the 
National Institute of Environmental Health Sciences. 
The National Library of Medicine's TOXLINE and 
CHEMLINE computerized information systems support 
the program. Nutrition research at NIH is coordinated 
through the Nutrition Coordinating Commincc. Current 
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research efforts are aimed at discovering the effects of 
diet, as both a causative and preventive factor, on many 
chronic diseases. 



Technology Transfer 

NIH established an Office for Medical Applications 
of Research (OMAR) in 1977 to coordinate technology 
assessment activities. The assessment process used is 
''consensus development," which means agreement by 
a majority of experts on the efficacy of a new technol- 
ogy. The 1977 OMAR breast cancer screening confer- 
ence resulted in a number of improvements in breast 
cancer screening; 25 similar conferences are planned for 
1979. Information services will soon include a computer 
information system being developed by the National Li- 
brary of Medicine. Other areas with promise include 
telephone information transfer and videodisc technolo- 
gies. 



Management of Science Resources 

A major management problem is the need to renovate, 
rehabilitate, or replace research facilities and to replace 
obsolete equipment. The problem can be mitigated by 
sharing equipment, designing buildings with greater in- 
genuity, and considering energy and maintenance costs. 
A second problem is the decline in research opportunities 
for young scientists. This problem can be approached by 
closer liaison between NIH and academia, a relationship 
that is not ideal at present. Modification of the tenure 
system is being regarded anew by academic institutions. 
Directing Ph.D. candidates to fields where the demand 
is high can also help. Lack of funding in all the above 
areas is a major constraint. Efforts to stabilize and main- 
tain the science base funding are essential. 



DEPARTMENT OF HOUSING AND URBAN 
DEVELOPMENT (HUD) 

The rapidly changing social, economic, and political 
conditions under which HUD operates make firm pro- 
jections of extended research plans almost impossible. 
However, the Department has identified nine areas that 
indicate the current scope and trend of its research ob- 
jectives: 



Urban Economic Development, Public Finance, and 
Tax Policy 

Research seeks to help state and local governments 
deal with problems of development, private employment 
opportunities, revenue, and finance. 
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Housing Needs and Services for Special Users 

Reseaich aims to identify the inqiediiDeiits to inde- 
pendent living for people with spodti requiiements (the 
elderiy, the handiaqpped, and rural residents), to develop 
infonnatioo about the need for delivering housing and 
special services, and to design and implement better de- 
livery tedmiques. 

Neighborhood Reinvestment and Revitalization 

Research is needed to resolve issues related to the 
stability and conservation of older inner city neighbor- 
hoods. 

Econonuc and Racial Freedom of Choice in Housing 

Research on freedom of choice in housing for minor- 
ities will be extended to examine the behavior of mi- 
nority home*seekers and further examine the behavior 
of estate and rental agents. The fair housing evaluation 
will be continued and expanded to Hispanics. Discrim- 
ination against women in mortgage credit markets will 
be studied, and a program developed to help women and 
minorities gain greater access to high-level government 
positions. 

Alternative Housing Finance Mechanisms 

A special task force will be created to examine hous- 
ing costs. Soaring costs lead to increased demand for 
subsidies, which conflict with the need to balance the 
Federal budget. Innovations to increase the competition 
among financial institutions have evolved, and their ef- 
fectiveness must be reviewed. In addition, the impact of 
the Financial Institutions Act must be examined, ways 
must be found to combat discrimination among lenders, 
and the economic feasibility of solar energy in single- 
family dwellings needs to be determined. 

Housing Assistance for Lower Income Families 

The effectiveness of the Section 8 Housing Assistajnce 
Program will continue to be evaluated, and the large 
amount of information gathered by the Experimental 
Housing Allowance program will be analyzed to deter- 
mine the impacts of alternative approaches to housing 
assistance. 

Management of Assisted Housing 

This research is designed to identify the nature and 
causes of problems in assisted housing and devise means 
to alleviate the problems and improve management prac- 
tices. While eariier research involved testing specific 



remedies for individual housing management problems, 
current research is aimed at devising broader strategies 
for improving assisted housing operation overall. 

Evaluation of HUD's Operating Programs 

Among the operating programs to be evaluated are: 
those funded by the Commmunily Development Block 
Grants, two urban simulation models. Section 701 ac- 
tivities (to analyze various aspects of the local planning 
process), and HUD's environmental protection policies. 

Improving HUD's Data Base and Information Sources 

Housing data collected by the Bureau of Census will 
be analyzed to answer policy questions about housing 
stock, changes in housing and neighborhood quality, 
housing cost burdens, and household migration by race 
and income. Tax policies as they affect housing produc- 
tion and maintenance will be analyzed. Research will 
continue on general housing economic issues and de- 
velopment of new techniques for analyzing housing mar- 
ket behavior. Availability of 1980 census data will offer 
new opportunities. 

DEPARTMENT OF INTERIOR: BUREAU OF 
MINES 

During the next five years, the Bureau of Mines will 
conduct research and development in three major areas: 

Envi'nnmental Impact 

Developing technology to allow belter compliance 
with government environmental regulations and 
performance standards will have priority. The Bureau's 
program encompasses the entire mineral cycle, from ini- 
tial exploration through active mining and processing, 
and on to final restoration of the land and reclamation 
of the processed materials. These programs include: 

• Control technology (operational) where ways are 
being developed to reduce or eliminate the un- 
desirable environmental conflicts, impacts, and 
occupational hazards associated with mining and 
mineral processing. Major problems under study 
include alternative processes, noise, vibration 
and fugitive dust, subsidence, waste manage- 
ment, and water management. 

• Environmental assessment research is underway 
in a number of areas, such as the impact of min- 
ing on surface and groundwater systems, soil 
conservation, more efficient methods for gath- 



cring baseline data required by recent ](^isladon» 
and improved planning and design of mines. 

• Control technology (posiopcrational) where im- 
proved technology is being developed to facili- 
tate the restoration of lands disturbed by mining 
and milling for beneficial, long-term use. In- 
volved in this effort arc the study of land-use 
alternatives, safe mine closure methods, recla- 
mation technology, and surface stabilization 
techniques. 

Health and Safety 

Research in this area consists.of three elements: com- 
prehensive enforcement of existing and new mandatory 
standards, expanded and upgraded education and train- 
ing activities, and technical support. 

• Safety research deals with prevention of fires and 
explosions, and addresses such problems as ig- 
nition, detection, and control in coal mines. Re- 
sc^ch on the geology of coal beds to allow pre- 
diction of methane content will facilitate 
development of ventilation and control measures. 
Probing radar has promise for predicting failure ' 
of the ground, and development will continue on 
safer mining designs to allow industry to meet 
increasingly stringent safety standards. Increased 
emphasis will be placed on training, accom- 
panied by research on human error and behav- 
ioral techniques. Research continues on safer 
hauling equipment, better emergency life-sup- 
port systems, and new rescue technologv. 

• Health-related research helps develop devices to 
monitor dust levels in mines and improve dust 
collection technology. Radiation in uranium mines 
is a big problem, and bener radiation measuring 
and protection techniques arc appearing. Re- > 
search continues on noise abatement and instru- 
mentation, and on management of toxic emis- 
sions from underground diescl engines. 

Mineral Resources Technology 

Research to reduce our requirements for critical and 
strategic minerals from foreign sources will be con- 
ducted, resulting in increased conservation, substitution, 
and recovery of minerals and metals from domestic re- 
sources. 

• Mineral science and technology research to ex- 
pand the minerals science and technology base 
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is progressing both tfarougb the development of 
data for use in devising energy-efficient mineral 
processing sequences, and through fundamental 
studies on the physical chemistry of mineral-ie- 
agent interactions in sulfide flotatira. Many ex- 
traction tedmdogies are under development that 
will increase efficiency across the full minerals 
cycle. 

• In an attempt to conserve resources, research is 
underway to maximize resource recovery. Work 
is progressing on the recovery of cobalt, nickel, 
and copper from Missouri lead ores and on the 
hydrometallurgical recovery of alumina from 
dawsonite, as a byproduct of oil shale process- 
ing. Technologies arc being developed to reclaim 
valuable constituents from wastes and for sorting 
aluminum from steel contained in scrap. 

• Research is progressing on the development of 
substitutes for critical and strategic minerals by 
using domestically available minerals. A process 
research unit is in operation to recover tungsten 
from Searies Lake brine; the recovery of vana- 
dium from low-grade western resources is being 
demonstrated; and chiy is being evaluated as a 
rq)]acement for bentonite as a binder for iron 
oxide pellets. 



DEPARTMENT OF INTERIOR: GEOLOGICAL 
SURVEY 

The Geological Survey's science and technology goals 
for the next five years can be placed in two categories — 
basic and applied research, and application of existing 
technologies. Issues in the first category are: 

Energy Availability 

Research is needed in petroleum geology, secondary 
oil recovery techniques, assessment of outer continental 
shelf oil and gzs resources, and other areas. 

Increased Food and Fiber Production 

To increase agricultural prcxhictivity, research is- 
needed on the effects of irrigation in the East and of 
abandoning irrigation in the West. Regional distribution 
of trace elements in the soil should also be studied. 

Management cf Wastes 

Efforts to cope witii wastes include determining non- 
point sources and their impact on surface and ground 
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water, movement of contaminants in the environment, 
and management of nuclear wastes. 

Minerals Availability 

A data base that will help formulate public policy will 
result from research in the following areas: evaluation 
and identification of mineral deposits; development of 
new geological, geophysical, and geochemical explora- 
tion techniques; and surveys of marine mineral re- 
sources. 

Prediction of Geologic Hazards 

Techniques must be developed to predict earthquakes, 
volcanic eruptions, landslides, and other natural hazards. 
Safe siting of nuclear power plants must be ensured, and 
feologic hazards to mining operations and reclamation 
must be assessed. 

Environmentally Sound Extraction Policies 

Research is needed in the environmental problems of 
energy production, the development of noninvasive geo- 
physical characterization techniques, the impact of sur- 
face mining on water resources, and the determination 
of long-term effects of burning fossil fuels. Research 
topics resulting from the interaction of these areas in- 
clude: a useful national assessment of our mineral and 
water resources; determination of the amount of ground- 
water available nationwide; and more knowledge of past 
climatic conditions. 

Issues in the second category, application of existing 
technologies, are: 

Computer Processing 

Application of computer technology to nongraphic, 
digital storage, handling, and manipulation of spatial 
data will continue to grow. The data are needed to sup- 
port research, to assist water managers and land-use 
planners, and to prepare environmental impact analyses. 

Digital Cartographic Data Base 

Through 1985, the Survey will develop this data base 
for coastal areas, coal and public lands, and other areas; 
the resulting information will be offered in usable form 
to Federal and state agencies. 

Remote Sensing 

Satellites can provide valuable data on the Earth*s re- 
sources. Meteorological satellites are useful in mapping 
weather patterns, and Landsat has proven the value of 



multispectral, synoptic, and repetitive views of the 
Earth. In4>rovements will make such technology cheaper 
and more efHcient, so use will continue to grow. 

Airborne Profiling 

This system, which permits rapid collection of three- 
coordinate position information, will provide data for 
^u^>ping, surface subsidence, strip mine monitoring, and 
other Implications when it begins operating in the early 
1980s. 

DEPARTMENT OF STATE 

The State Department's outlook identifies problems 
and opportunities relating to science and technology in 
foreign affairs during the next five years. Science and 
technology provide tools that help in the solution of 
global problems. They also create foreign policy prob- 
lems while, at the same time, providing bases for inter- 
national cooperation. 

In international peace and security matters. State sees 
these areas of major concern: 

Wee^ns 

Many nations, rich and poor, are interested in acquir- 
ing conventional weapons, a trend that can alter military 
balances. 

Nuclear Technology 

It becomes increasingly important to strengthen safe- 
guards as nuclear technology spreads. Improved tech- 
nical controls may be particularly important in coping 
with terrorists. 

World Development 

Efforts will have to be focused on using science and 
technology to further development in the Third World. 
More cooperation — financial as well as scientific — among 
developed nations will be required for expensive inter- 
national research involving energy resources, ocean mar- 
gin drilling, and climate. 

China 

The role that China will assume in the world will be 
very much a function of its development in military and 
other technologies. 

Treaties and International Law 
Two major areas of developing law in which technical 
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factors arc particularly relevant are the sea and space. 

In natural resources and environment, a large number 
of current and emerging problems are identified: 

Energy 

Fossil fuel resources are being depleted at an alarming 
rale, thus threatening supplies not only of energy but 
also of such materials as pharmaceuticals and fertilizers. 
With renewable sources of energy unlikely to be devel- 
oped for two decades, the use of coal and nuclear re- 
actors will grow, raising issues of environmental quality, 
human safety, and (in the case of breeder reactors) pro- 
liferation. Developing nations could present special 
problems if they stress immediate costs over long-term 
environmental concerns. 

Forest Reserves 

The developing countries may suffer grave conse- 
quences if they too quickly deplete their forests, leading 
to erosion and loss of fertile land. The loss of forests 
and the burning of wood can also create global atmos- 
pheric problems. 

Deserts 

Desertification is a growing concern. Reclamation — 
which would benefit many developing countries — is ex- 
pensive. Some experiments have been successful. 

Water Resources 

Improved technologies for locating and exploiting un- 
derground water sources and for desalting of sea water 
can be expected. More fresh water is a key considera- 
tion, especially to developing countries. 

Weather and Climate 

International cooperation will permit gathering more 
weather information on a global scale. Progress in 
weather modification is slow— research is difficult, and 
benefits and risks must be balarced. Interest is intensi- 
fying in the long-term trends of climate and their impli- 
cations for the economic health of nations and regions. 

Living Resources in the Oceans 

All ocean-related activities must be managed so as to 
optimize their benefits to mankind while, at the same 
time, conserving the marine environment and its living 
resources. Our increasing ability to understand the ocean 
and monitor its changes will help achieve that goal. 
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Other Ocean Resources 

llie minerals and fossil fuels of the oceans are another 
valuable resource. Deep sea mining is nearing reality, 
making it essential that a legal framework for it be es- 
tablished. Exploitation of the ocean beyond national ju- 
risdictions has not been resolved. Any resolution must 
accommodate the traditional freedom of the high seas. 

Mineral Resources 

Global interdependence in the supply of many mineral 
resources has become a fact of life in the last half of this 
century. Stockpiling is of limited value. Over the next 
five years, we may become increasingly vulnerable to 
developing countries, which seek to gain political influ- 
ence through control of their natural resources. The ef- 
fect will probably be to stimulate alternative supplies 
and development of substitute materials. New techniques 
of resource discovery (satellite remote sensing) and of 
extraction, processing, and even transportation may help 
to develop new supplies. Extraction and processing in 
developing nations will require technology and capital. 
Environmental damage and soc»al stresses arc probable 
side effects. 

Pollution 

In general, the international aspects of pollution are 
growing in importance, since such phenomena as acid 
rain, ozone depletion, and even eulrophication (in re- 
gions like Europe) recognize no political boundaries. 

Waste Management 

At Che present state of technology, not all wastes are 
recyclable and so require safe disposal. Radioactive 
wastes are a controversial and challenging disposal prob- 
lem. 

Natural Hazards 

Science and technology hold promise for eventually 
providing a reasonable capability to anticipate natural 
disasters, plan settlements to minimize vulnerability, and 
alleviate consequences. 

Food Supplies 

A continuing effort is needed to provide adequate food 
supplies. Not only are technical advances required, but 
so are innovative organizational and administrative ap- 
proaches, particularly in delivering fertilizers and water 
to fanners and distributing and storing their products. 
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Basic Research 

Basic research should continue to provide opportuni- 
ties for international cooperation. 

In international commerce and tlic economy, the fol- 
lowing problem areas arc identified: 

Economic Development 

Technology is crucial in economic development, Uie 
lack of an appropriate infrastructure in most of the de- 
veloping countries thwarts attempts to transfer technol- 
ogy. 

Telecommunications 

Rapid advances are underway in telecommunications, 
perhaps leading to overcrowding of radio frequency 
spectra and satellite orbit space. Several countries expect 
to be operating their own domestic satellite television 
broadcasting systems, and at least one regional system 
may soon be in place. 

Free Flow of Information 

Despite recent international affirmations of the prin- 
ciple of free flow of information and ideas, some coun- 
tries continue to urgo controls. A number of countries 
have adopted schemes to regulate the flow of data that 
might affect privacy or other rights of citizens. The in- 
formation gap between developed and developing coun- 
tries is growing. 

Commerce 

Agricultural products will continue to be our largest 
export, but trade in technology products and technology 
transfer will probably increase. 

In human resources and welfare the problems are: 

Population 

Underiying many of the problems already identified 
are population increases. The pressures in the next five 
years will be to develop creative and incisive approaches 
to family planning and improved living standards. 

Medicine and Health 

Living standards will be raised by better health care. 
Health care is an area where developed countries can 
bring the benefits of science and technology to devel- 
oping countries with minimal — but in some cases, sig> 
nificant — impact on their cultural and social integrity. 
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Consequently, this is a prime area for expansion of in- 
ternational activities. 

International meetings and agreements will continue 
to provide opportunities to further U.S. foreign affairs. 
An outstanding example of international cooperation is 
the Dcep-Sea Drilling Project, which has revolutionized 
the earth sciences and led to general acceptance of plate 
tectonics. A major new program has been proposed for 
the 1980s, primarily to investigate ihe outer continental 
margins of the oceans. 



DEPARTMENT OF TRANSPORTATION (DOT) 

DOT'S research and development efforts will be di- 
rected toward transportation problems in the following 
areas: 

Marine 

As the number of offshore resource platforms grows, 
it will become more difficult to reach such goals as re- 
ducing the number of ship collisions and other mishaps, 
quickly repairing damage done by oil and chemical 
spills, enforcing laws and treaties affecting U.S. waters, 
and minimizing the danger of carrying hazardous sub- 
stances. Advanced navigation systems, use of monitor- 
ing satellites, improved training, and techniques for 
cleaning up oil spills are being developed to deal with 
these problems. 

Aviation 

Air traffic control and navigation will be upgraded by 
making use of integrated circuits, minicomputers, high- 
speed microprocessors, and solid-state radiofrequency 
technology. The upgrading program will be massive in 
scope, but this is necessary to meet the air traffic de- 
mands of the next two decades. 

Roads and Highways 

Use of waste and new types of materials for highway 
construction and repair must increase; sulfur as a con- 
struction material is particularly promising. The U.S. 
highway system is wearing out and is in need of reha- 
bilitation. Protecting the large new investments will re- 
quire determining the appropriate loading level of large 
vehicles. Deliberate overioading is another problem. 

Highway Safety and Other Needs 

New approaches are needed to relieve urban conges- 
tion and provide a safer driving environment. Research 
topics in line with these objectives include: improved 
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methods to expedite movement of public transportation 
vehicles; special routing and scheduling techniques for 
cargo vehicles; and simulation techniques to help local 
officials devise effective traffic strategies. Problems of 
highway safety, energy, and maintenance costs require 
long-range approaches. Automation of highways and 
vehicles would be cost effective and would improve 
safety in some applications, but a massive change in 
public attitudes would be essential. Use of automated 
systems such as microprocessors in vehicles could solve 
many mechanical and safety problems. Vehicle fuel 
economy and safety features arc continually being up- 
graded; DOT*s Integrated Vehicle Systems Program will 
evaluate advanced technology in these areas. In general, 
DOT — in partnership with industry — wants to **reinvent 
the automobile,** so that ''socially responsible** vehicles 
will one day be the norm. Diesel cars reduce fuel con- 
sumption, but their exhaust products may pose health 
hazards. 

Rail 

Research is needed on how to transport radioactive 
and other hazardous materials safely. DOT also has three 
ongoing programs that have as their goal the movement 
of more long-haul trailer traffic by rail instead of by 
highway, thus improving fuel efficiency and reducing 
highway congestion and pollution. 

Urban 

Paratransit systems, especially for the handicapped 
and elderly, must be developed for use where fixed 
routes are uneconomical. The Downtown People Mover 
program is a national demonstration of how fully auto- 
mated systems can improve traffic circulation and dis- 
tribution in center cities. Finally, DOT, with the De- 
partment of Energy, is working to develop more energy- 
efficient and environmentally acceptable mass transit 
vehicles. 



Pipelines 

Efforts should be made to prevent failures of operating 
pipelines and to minimize adverse impacts if one should 
fail. Better materials, anticorrosion techniques, and sys- 
tems for arctic and offshore use must be developed. 
Emergency response personnel and better emergency 
equipment and techniques are continuing needs. 

Transmodal Programs 

Several technologies promise to contribute to more 
than one transportation mode. Programs underway in- 
clude: development of automatic controls and automa- 
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tion through the use of microprocessors; development of 
substitute fuels; combating lagging productivity by in- 
creasing transportation efficiency; improving the flew of 
basic economic commodities; and learning better ways 
to transport hazardous materials, including better pack- 
aging and better trained personnel. 



ENVIRONMENTAL PROTECTION AGENCY (EPA) 

The main function of EPA*s research program is to 
provide a sound scientific base for environmental regu- 
lations. EPA*s 1979 research plan focuses on the follow- 
ing areas: 

Toxic Substances 

This research has two goals: to determine risk levels 
and to control or minimize exposure. Techniques to as- 
sure the quality of research results must also be devel- 
oped. 

Air Pollution 

Three problems are receiving particular attention: (1) 
Interregional transpoit and transformation of fine parti- 
cles and other pollutants. Included are animal toxico- 
logical tests on the effects of inhalable pollutants. Ozone 
oxidants and their precursors, as well as organic pollu- 
tants, are being studied. (2) The fate and effects of air 
pollutants. Trace elements are of particular concern, as 
is the evaluation of the human and economic cost of 
visibility degradation. As for diffuse and naturally oc- 
curring sources, the hazards of fugitive emissions, in- 
cluding dust, must be assessed and better controls de- 
veloped. (3) Naturally occurring pollutants, of which 
hydrocarbons are the principal concern. Data are needed 
to determine the relative importance of natural and man- 
made air pollutants in causing allergenic discomfort. 

Industrial Wastewater 

Wastewater treatment is often prohibitively expen- 
sive, so to comply with new regulations, industry is 
making increased efforts in recycling and recovery. 
However, cost effectiveness must be demonstrated, and 
better design and control technologies must be devel- 
oped. Research in this area has three goals: to develop 
technology for treatment of toxic pollutants, to develop 
technology to recycle and reuse industrial wastewater, 
with the emphasis on process modifications in the textile 
and organic chemical industries; and to collect infor- 
mation for environmental assessments. 

Watershed Management 
Research is needed on how pollutants can modify a 
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watershed, so that appropriate control methods can be 
instituted. Nonpoint sources of pollution will be empha- 
sized. 

Drinking Water 

The goals are: to develop methods to identify and 
quantify contaminants; to develop treatment technology 
for controlling organic compounds; to assess health ef- 
fects of contaminants, focusing on the relationsnips be- 
tween cancer and organic compounds and between car- 
diovascular disease and inorganic compounds; and to 
protect groundwater quality by identifying problems and 
providing assessment methodologies to state and local 
governments. The severity of groundwater pollution will 
be assessed nationwide. 

Energy and Environment 

Large amounts of data are required to predict and con- 
trol any adverse environmental impacts of new energy 
technologies. The major areas of research, in order of 
priority, are: minimizing the effects of increased con- 
ventional comb* J, especially coal; minimizing the 
effects of increasui energy extraction, especially coal 
mining; quantifying the cancer-causing potential of die- 
sel soot; and minimizing the impacts of emerging energy 
technologies, starting with an environmental assessment 
of the commercialization of oil shale and following with 
assessments of coal gasification, coal liquefaction, and 
other technologies. 

Solid Waste 

EPA's research in this area has two principal thrusts: 
development of safe disposal practices, including se- 
lecting better sites for landfills and managing the large 
volumes of industrial waste; and development of re- 
source recovery methods. Research is underway on con- 
version of waste through biochemical means into such 
useful products as chemical feedstocks, proteins, and 
alcohol, and also on reducing production of solid waste 
through recovery aixl recycling. 

Nonionizing Radiation 

Public exposure to nonionizing radiation at microwave 
frequencies is steadily increasing, but little is known 
about the possible nonthermal risks to human health 
posed by low levels. In the near term, EPA research will 
contribute to decisions on the need to establish environ- 
mental guidelines for the general population. In the long 
term, research will seek to understand the functions of 
biological trigger mechanisms that result from low and 
moderate exposures. 
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Global Pollution 

Goals of this research are: to understand how emis* 
sions give rise to global impacts; to predict atmospheric 
movements and concentrations of pollutants; and to iden- 
tify and assess their impacts on people, environment, 
and the climate. Air pollution will have priority, with 
less effort going to research on ozone levels, climate 
changes, and marine pollution. 

NATIONAL AERONAUTICS AND SPACE 
ADMINISTRATION (NASA) 

NASA's missions can be categorized as: scientific ex- 
ploration of the solar system; investigation of Sun-Earth 
relationships; studies of near-Earth space for direct ben- 
efit to human welfare; and aeronautics technology. The 
needs and opportunities arising from these missions fall 
into eight research areas: 

Basic Research 

Among topics of interest are applied mathematics and 
computer science, development of multipurpose «cnsing 
instruments, the life sciences, and fluiH ;,iechanics. 

Space and Terrestrial Applications 

Currently, this program has three principal elements: 
the study of the Earth from space to understand and 
forecast its environmental behavior, to assess its surface 
and resources, and to develop a model of the dynamic 
Earth; the improvement of satellite communications 
technology; and the demonstration of the capabilities of 
the space environment in the study of materials process- 
ing free of gravitational forces. 

Space Science 

This program consists of four elements: planetary ex- 
ploration, astrophysics, and solar, terrestrial and life sci- 
ences. The importance of the program lies in the long- 
range bene'^Us it can be expected to provide, as well as 
the challenge it gives to the human spirit and intellect. 

Space Transportation 

The first goal of this program is to provide the effi- 
cient, economic space transportation systems that NASA 
and other users, public and private, must have to achieve 
their space objectives. The primary means for satisfying 
this goal into the 1990s will be the space shuttle, 
spacelab, and upper stages projects. The second goal is 
to develop support systems that will enhance future ca- 
pabilities for space transportation. Possibly the most 
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pressing lequiiement will be to develop larger electrical 
power packages that would form the bases for larger 
space platforms. 

Space Tracking and Data Systems 

For Eanh-orfoiting missions, one continuing objective 
IS to increase coverage while reducing operational costs. 
The Tracking and Dau Relay Satellite System will take 
a significant step toward meeting that objective when it 
begins operating in 1980. A second major objective is 
to provide the optical tracking capability required by 
Baith- and ocean-dynamics projects. In planetary and 
deep-space missions, the principal objective is to im- 
prove their navigational accuracy and telemetry data re- 
turn to maximize the scientific value of the missions. 
The increasing amounts of data generated will require 
new data processing facilities. 

Space Technology 

Present and fumre space missions will require ad- 
vanced technology of Uirce major types: first, informa- 
tion systems to provide broader synoptic coverage, wider 
spectral range, more rapid access to useful information, 
and — ultimately — lower costs; second, larger spacecraft 
systems tiiat will require new techniques and compo- 
nents; and Uiird, an enhanced space transportation sys- 
tem. 

Aeronautics 

Research is intended to help maintain U.S. techno- 
logical leadership in civil air transportation and in gen- 
eral and military aviation. In civil air transportation, im- 
portant needs are for safer, more economical, efficient, 
fuel-conservative, and environmentally acceptable air- 
craft. In general aviation, the needs arc for efficiency, 
noise reduction, safety, and utility. Improvements in ro- 
tocraft will require better efficiency, reduced vibration 
and noise, lower maintenance costs, and removal of op- 
erational constraints due to weather. In military aviation, 
tiierc are primary needs for integration of flight and en- 
gine controls, flight testing of advanced configurations, 
and development of a broad data base for use in fumre 
military aircraft design. 

Energy Systems 

Current programs utilize both NASA resources and 
Uiose of other agencies. They encompass three major 
areas of activity: space utilization, which includes nu- 
clear waste management and satellite power systems; 
solar terrestrial applications, which include solar heating 
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and cooling, photovoltaic conversion, wind nirbogener- 
ators, solar ti!ermal energy conversion, and energy stor- 
age; and conversion and fossil energy applications, 
which include advanced ground propulsion, advanced 
coal extraction, industrial gas turbines, and phosphoric 
acid fuel cell systems. 



NATIONAL SCIENCE FOUNDATION (NSF) 

NSF describes 1 1 special areas of basic research in 
which advances over tiic next five years can be expected 
to contribute to tiic understanding and amelioration of 
a number of problems facing ti>e Nation. The descrip- 
tions characterize Uie national concern, point out scien- 
tific opportunities, and mention the readiness of Uic re- 
search community to take advantage of tiie opportunities. 

NSF also notes tiie need to stimulate a much higher 
level of scientific and technological literacy throughout 
tiic general public. Hence, NSF intends to continue its 
efforts in this area. 

Modification of Plants and Increased Crop 
Productivity 

Recent advances in plant tissue culture and recombi- 
nant DNA provide leads to superior plants. Other prom- 
ising areas are tiie development of salt-tolerant plants 
and ecological approaches to tiie management of crop 
and livestock systems. 

Photochemistry, Photobiology, and Photophysics 

Energy supplies could be increased by improvements 
in photosynthetic efficiency and in construction of arti- 
ficial systems to increase the capture and conversion of 
sunlight. 

Chemistry of the Brain 

Advances at tiie molecular level could help deal with 
such problems as obesity, drug and alcohol abuse, schiz- 
ophrenia, senility, and mental retardation. 

Political Economy 

Economic and political processes that influence the 
price and availability of critical resources in international 
markets are not well understood, nor are tiie economic 
and political effects of changes in the prices and supplies 
of resources. Thus tiie adequacy of economic projections 
and tiie design of effective government policies arc lim- 
ited. 
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Biogeodiemical Cycling 

Tbcft is need for long-term intensive study of the 
cycles of critical dements, espcciilly carbon, nitrogen, 
sulfur, and phosphorus. Research opportunities abound 
in the areas of interrelationships among those key ele- 
meocs in biou. atmosphere, and terrestrial and aquatic 
systems. Progress could bring urtderstanding to three 
global problems of inmiense magnitude: ozone pertur- 
batioos. increased carbon dioxide levels, and increased 
acid rain. 

Nonmineral Materials 

The products and processes needed to maintain our 
high-consumption society call for achieving two princi- 
pal objectives: first, the design of materials with longer 
useful lifetimes and the capability of being recycled; and 
second, development of substitutes for non-renewable, 
energy- intensive, or scarce materials. 

Improved Catalysis 

Basic research on structure, bonding, and reactions 
could rationalire the search for new industrial catalysts, 
helping both individual companies and the U.S. econ- 
omy as a whole. 

Biological and Industrial Waste 

A better understanding of waste products could lead 
to new concepts for recovery of their resource vJucs 
and at the same time reduce disposal problems md en- 
ergy consumption. 

Geophysics and Geochemiury of Mineral Exploration 

Research is required on the natural processes of min- 
eralization to aid in the discovery of minerals at increas- 
ing depths where surface indications arc obscure. Plate 
tectonics has already increased our understanding of the 
genesis of mineralization, while Uie development of new 
techniques — aeromagnetism, for example — allows for 
improved examination of hidden geological settings. 

Combustion 

Combustion accounts for about 96 percent of the en- 
ergy conversion processes in die United States, but about 
half of Uiis is wasted. Thus, even a slight improvement 
in combustion will mean substantia] savings m money 
and energy. 

Properties of Irtformation 
Modem society is heavily dependent on obtaining 
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data, synthesizing information, and making decisions. 
Better understanding of the properties of information and 
their translation to practical application is particularly 
significant. 

NUCLEAR REGULATORY COMMISSION (NRC) 

NRC has identified a number of problem areas in 
which scientific or technical considerations are of major 
significance: 

Nuclear Reactor Safety 

Stress corrosion cracking, two-phase flow phenom- 
ena, human behavior, enhanced uranium usage, and 
risk-assessment techniques will be studied. 

Waste Management 

As NRC begins to license geological repositories for 
nuclear wastes. Uie process will be under close public, 
industrial, and governmental scrutiny. Studies of bedded 
salt sites have developed an awareness of safety and 
migration of radionuclides. A critical part of NRC's 
technical effort is to develop and test models to deter- 
mine important design features, geologic effects over 
time, and data deficiencies. Technical information re- 
quired for preliminary site reviews covers many areas, 
including qualitative characteristics, retrieval and mon- 
itoring philosophies, and environmental impacts. Partic- 
ular attention will be paid to mid-term methods that can 
bridge the time period until ultimate decisions on waste 
disposal are made. 

Safeguards 

Methods will be developed to evaluate the perform- 
ance of existing safeguards against theft and sabotage. 



Health Effects 

To accurately determine the health effects from ex- 
posure to low- level radiation, expensive and long-term 
epidemiological studies are needed. 

Nonprolifer^tion 

NRC's efforts on nonproliferation have chiefly sup- 
ported die Department of Energy's Nonproliferation Al- 
ternative Systems Assessment Program and the Inter 
national Fuel Cycle Evaluation. 



VETERANS ADMINISTRATION (VA) 
The Department of Medicine and Surgery (DMS) lists 
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seven areas of research and discusses proniising ap- 
proaches in each» including constraints and alternatives. 
The areas are: 



Dysvascular Lower Extremities 

DMS will emphasize coordinating the use of various 
new techniques* includinj^ radioisotopic flow and blood- 
gas measurements* to assess circulatory problems more 
accurately. 

The fundamental changes that occur during aging re- 
quire investigation. Detailed biochemical and psycho- 
logical studies of the brain and its reaction to psycho- 
logically active drugs should be undertaken. 



Schizophrenia 

DMS plans to address the need for thorough investi- 
gation of these biological factors, including the effects 
of biochemical treatment. Properly pieserved brains 
from schizophrenic patients are needed for study; the 
VA is in a good position to establish a **research bank." 



Alcoholism 

Further study of the biological aspects of this disease 
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is planned* including its effects on the nervous system 
and the role of heredity. 

Comprehensive Health Care 

The VA is examining alternative method*^ of providing 
comprehensive care, including arrangements similar to 
a health maintenance organization. Research is planned 
to test this possibility. 

Transplantation and Regeneration 

How to initiate, direct, and suppress cell growth, di- 
vision, and function must be studied to produce infor- 
mation applicable to problems of transplantation and re- 
generation. However, quick answers arc not expected. 

Spinal Cord Functions 

Electronic means of monitc 'ng cell function in the 
spinal cord would permit better diagnosis of spinal cord 
injuries and diseases. DMS plans to address research 
problems in this area. 

Although VA lacks sufficient personnel, funds, and 
facilities to be a major sponsor of research in the areas 
described, other agencies could share technical respon- 
sibility through intramural research as well as through 
research under contracts or grants. 
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Science, Technology and Public Issues: 
Papers on Selected Topics Commissioned by 
The National Science Foundation 



SQENCE AND TECHNOLOGY POLICY AND THE 
DEMOCRATIC PROCESS {DOROTHY NELKIN) 

The public, now more aware of the risks some science 
projects present, is less willing to allow technicians and 
scientists alone to make policy decisions. Many * 'pub- 
lics" arc seeking to participate in science policy deci- 
sions: 

• neighiK)rs of a science facility who fear the risks 
involved; 

• recipients of health care who seek a voice in clin- 
ical research; 

• consumers who seek to maintain individual 
choice; and 

• various groups with ideological interests. 

These diverse concerns arc reflected in the many con- 
troversies over science and technology in which the per- 
vasive issue is who controls crucial policy choices. 

Demands for greater participation have coincided with 
congressional qualms about the increasing power of ad- 
ministrative agencies. Congresi> has responded in two 
ways. First, it has enhanced its own ability in technical 



areas through an expanded technical staff, the Congres- 
sional Research Service, and the Office of Technology 
Assessment. Second, it has passed laws that require 
greater public participation in administrative agency de- 
cisions. Among the options now available to the public 
are the opportunity to react to draft proposals published 
in the Federal Register, access to government reports 
under the Freedom of Information Act, and public hear- 
ings. 

Advisory boards arc a participatory channel that pro- 
vide the public the opportunity to assert some control 
over decisions. Institutional Review Boards responsible 
for monitoring research proposals that involve human 
subjects also include lay members. 

Many groups interested in helping form science and 
technology policy have developed their own channels of 
participation through the courts and special referenda. 
These actions in turn have inspired a number of partic- 
ipatory experiments, often outside of usual government 
channels. One such experiment was the U.S. Forest 
Service's **code-involve," which analyzed public opin- 
ion in the printed media on the proposed use of DDT to 
protect Douglas firs. Other efforts include **quasi-ex- 
pcriments" in which systematic observations of the ac- 
tual behavior of individuals arc used as evidence of pol- 
icy choices, mediation procedures, and such citizen 
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review boards as the one set up in Cambridge. Mass., 
on recombinant DNA research. 

Several European experiments offer examples of al- 
ternative participatory models, including public review 
of policy options, public debates, and special educa- 
tional effom. These are usually structured more to in- 
fonn citizens about the value of specific policies rather 
than to ascertain public opinion. 

Spedal problems face citizens seeking to panicipate 
in science policy decisions: the complexity and lack of 
certainty of technical information, the complexity of 
Federal and state regulations, and the fuzzy boundaries 
between questions of technical feasibility and political 
acceptability. Administrative agencies aie ambivalent 
about citizen involvement because it introduces political 
controversy and inefficiency. 

The demands for participation can affect the applica- 
tion of resources to research, the strength of research 
institutions, and the way scientists choose their topics 
and conduct their work. Also, participation can influence 
the general climate — political, social, and intellectual— 
in which research takes place. Yet democratic ideals im- 
ply that science policy be subject to greater public scru- 
tiny and political control. Indeed, a fundamental source 
of public concern about science and technology is their 
implication for political choice. Acconunodating these 
demands of denxxnacy while maintaining the best of 
scientific learning is a growing challenge that will war- 
rant careful attention over the coming years. 



INFORMATION RESOURCES AND THE NEW 
INFORMATION TECHNOLOGIES: IMPLICATIONS 
FOR PUBUC POLICY {DONALD A. DUNN) 

Information and telecommunication technologies are 
among the most rapidly changing technologies today. 
Steady cost reductions in computers and semiconductors 
iiave opened a wide range of new applications. Infor- 
mation systems that combine computer power with com- 
munication rais-j national policy issues because they use 
telecommunication networks that have traditionally been 
regulated by government. The major policy issue for 
busir*ess is how best to grasp the new opportunities. 
Consumer policy questions include both new opportun- 
ities and need for protection. 

Policy issues arise in the creation of new information. 
The author emphasizes scientific and technical infor- 
mation and considers only certain economic factors: 

• the unclear adequacy of patents in competitive, 
industrialized markets where innovation is rapid; 

direct public investment as an alternative to pat- 
ent rights to encourage new information; 



• the creation of more independent sources of re- 
search funding to improve the present system of 
public investment; and 

• new legislation to encourage industry-wide re- 
search activity, without antitrust limitations. 

Consumer-oriented evaluations of existing programs 
would provide a basis for improved research planning. 
Deregulation in many industries may benefit consumers 
by more rapid introduction of products and services. 

Among the most significant recent innovations are 
person-to-person conununication services. Most of these 
services use the telephone network, and difficulties arise 
because it is not priced in proportion to its cost. Tele- 
phone companies now have little competition in the local 
disuibution market, although radio communication is a 
possibility. However, present policy trends will probably 
result in a growing number of choices for users, both 
among firms and among technologies. 

The policy issues raised by electronic message service 
(EMS) are of particular interest. EMS is a form of mes- 
sage service in which a user types a message on his 
terminal, edits it, then transmits it, using a time-shared 
computer system. If EMS is considered a communica- 
tion service, then according to present lav it must be 
regulated. Legislation pending before Cor ress would 
deregulate this class of service. Over the ncx. decade or 
two, we will see a shift from the use of handcarried mail 
to electronic mail for transaction services. Because the 
Postal Service could offer EMS at prices below cost, the 
EMS industry is alarmed by the possibility of its estab- 
lishing an EMS network. 

Teleconferencing services, including EMS and audio 
teleconferencing, allow people to work together in dif- 
ferent locations. Audio teleconferencing would link con- 
ference rooms and remote panicipants with telephone 
connections and high-speed facsimile for purposes of 
document exchange. Because improved telecommuni- 
cations would allow employees to work at home, the 
cenu-al city may play a reduced role in person-to-person 
communications. 

In telecommunications and information policy, both 
consumer and business interests favor an open market 
with as few cross-subsidies as possible. However, a sub- 
sidy from heavy users to light users would help achieve 
universal service. It will be in the users' interest to have 
all networks interconnect; however, to dominate the 
market, large providers may resist interconnection. 

Innovations in storage and retrieval allow information 
to be made accessible to a large audience at a time and 
place of each user's choosing. The library of the future 
will probably include a system to search the world's 
bibliographic literature, to immediately provide the text 
of heavily used references, and to provide by facsimile 
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(within an hour) the text of most other references. Gov- 
ernment intervention will probably be necessary to create 
such a standardized bibliographic search system. A sys- 
tem in London already uses a television set and the tel- 
ephone network to provide such information as U^ns- 
portation schedules and current yellow pages. 

There is a basic consumer interest in having the in- 
formation storage-and-reuieval market function well. 
The consumer is ordinarily bcner off paying directly for 
such a service than paying indirectly through taxes, as 
with schools and libraries. 

Another information policy issue is the danger of mis- 
use of data about an individual. As more financial serv- 
ices arc automated, the market will probably present a 
range of privacy options to its users. Another issue is 
whether a person has the right to conduct his financial 
affairs in secret or to communicate by encrypted data- 
flows that cannot be decoded. A further question is 
whether users will be protected from advertisers wishing 
to us^ the new medium to reach them. 

The other side of the privacy issue is access. The right 
to access is quite clear in legal proceedings. The issue 
is less clear when the government collects information 
without a warrant and without the individual's knowl- 
edge. A different kind of access issue arises with infor- 
mation created by research and development. Assuming 
it is not classified for military reasons, should it be avail- 
able to foreigners? A number of alternative policies 
could be followed in this arca. 

Electronically based financial u^nsactions and records 
will require a new set of rules and provide novel business 
opportunities. For instance, more auctions and more 
sales of perishable goods will be possible. 

An integrated view of information policy suggest.s the 
possibility of achieving our policy objectives through 
increased reliance on the private sector and the operation 
of the market. 



COMMUNICATION OF SCIENTIRC AND 
TECHNOLOGICAL INFORMATION: 
IMPLICATIONS FOR FEDERAL POLICIES AND 
RESEARCH (MELVIN KRAN2BERG) 

The explosive growth of scientific publications after 
World War II presented scientists with the problem of 
finding the information they needed. Three responses to 
that problem were the development of ''information sci- 
ence," which is the study of how information is pro- 
duced, organized, communicated, and used; such sec- 
ondary information devices as abstracting and indexing 
services; and computerization of information. However, 
in their zeal to cope with the publication flood, infor- 
mation scientists originally did not pay adequate atten- 
tion to informal scientific communication; the structur 
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ing of information along familiar, meaningful lines; 
barriers between scientific disciplines; and language bar- 
riers. 

Rapid progress in microelectronics has enlarged the 
capacities of information processing devices and lowered 
their costs. Secondary information services as well have 
become more sophisticated. However, to be effective 
the new information techniques must operate in con- 
junction with informal, person-to-person scientific net- 
works . 

The withering away of traditional publications, due to 
copying devices and other reproduction systems, will be 
offset by the flowering of computerized systems. The 
younger scientists are already becoming more familiar 
with the computer and new information technology. 
Electronic substitutes for face-to-face communication — 
for example, * 'teleconferencing" — offer hope of main- 
taining the informal network in the face of energy, trans- 
portation, and financial limitations. 

A changing role of research and development dictates 
changes in industry-university information exchange. 
One suggestion is to have the government encourage 
different industrial sectors to support long-term research 
in different universities. But problems remain both in 
the ownership of information produced in the private 
sector under government contract and in the dissemina- 
tion of research results from govemment laboratories. 

While reports to NSF have recommended creation of 
a national policymaking body for science information, 
such an institution is of questionable necessity, feasibil- 
ity, and desirability. In fact, the technical components 
of information systems have progressed rapidly without 
governmental direction or subsidy. However, NSF should 
continue to support basic research on science-technology 
information systems, especially on the interface of the 
person with the machine. To match the capabilities of 
the formal information network with the needs of the 
informal network, care must be taken to make the system 
correspond to the structures of the scientific fields and 
to the outlooks and habits of their practitioners. 

The Federal Govemment should fund development of 
a catalog of available data bases of scientific and tech- 
nical information sources. Future programs must do 
more cross-referencing and indexing between different 
fields. Disciplines should establish standard nomencla- 
ture for computerized indexing, and research should be 
undertaken on developing computers to respond to nat- 
ural speech. Translation of foreign reports or their ab- 
stracts would be valuable both for science and for mil- 
itary strategic purposes. At least Engli.sh-language 
abstracts of foreign items should be included in data 
systems. 

The National Technical Information Service has im- 
proved its dissemination of information emanating from 
the govemment although it docs not incorporate mate 
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rials from all government agencies. The U.S. Patent 
Office also disseminates technical information; contem- 
plated changes in the patent system should include con- 
sideration of effects on information flow. 

As powerful corporations combine communication 
and information functions, thought should be given to 
the impact of that combination on scientific and technical 
information communication and to its regulation by the 
Federal Communications Commission and other agen- 
cies. 

To strengthen the informal network, the government 
should encourage scientists and engineers to attend 
professional meetings and to develop electronic substi- 
tutes for travel. Beyond storage and retrieval, the next 
step in information processing devices is to synthesize 
the information and work out the researcher's problem 
directly. Future challenges include applying technology 
to the ever-growing service sector; applying information 
services to social and economic problem solving, and 
using the informal on systems to increase scientific lit- 
eracy and thus more widely serve the public. 



PRIVACY: IMPACT OF NEW TECHNOLOGIES 
(JAMES B. RULE) 

The privacy issue in the past 15 years has focused on 
personal documentation — dossiers, computer files, and 
other personal data collected— and used by organiza- 
tions. While casual observers may attribute the rise of 
this issue to the computer, new social conditions have 
also played a role. Among these conditions is the in- 
creased importance of recordkeeping bureaucracies in 
modem societies. 

Detailed personal records facilitate "fine-grained" 
concern with the affairs of individuals on the part of 
organizations. Personal records enable organizations to 
deal with people precisely, according to details of their 
histories and circumstances. The contents of records thus 
affect the way an individual is treated. 

Very large personal data systems may exist without 
any computing at all. But computerized storage and 
transmission of information, which have become radi- 
cally cheaper in the last several decades, make such sys- 
tems even more feasible. A major protection of privacy 
in the past has been the unavoidable "waste" of much 
personal information, something computers now help 
organizaiion.s to minimize. These new "savings" of data 
can be beneficial, as with medical records, or they can 
be unpleasant, as in encounters with Internal Revenue 
Service auditors. 

One way personal records injure people stems from 
their use in arbitrary, inaccurate, and uninformed judg- 
ment.s. Also, some information is so personal that an 
individual is uncomfortable about its simply being avail- 



able to others. Finally, data systems can create a climate 
of intimidation and fear, such that all members of society 
suffer. 

The privacy issue emerged from a series of political 
skirmishes. Since 1%7, more than 50 congressional 

irings have sought principles to guide, and make pub- 
licly acceptable, further growth of personal data files. 
The resulting policies emphasize procedures to help peo- 
ple live more comfortably with their records, instead of 
taking steps to limit the growth of recordkeeping. 

The current approach to privacy protection seeks to 
apply three principles: 

• workings of data systems should be publicly 
known; 

• data should be accurate and complete; and 

• individuals should be able to see and correct their 
files. 

The aim is not to prevent collection and use of data 
but instead to create equitable **rules of the game. Con- 
sumers have used the Fair Credit Reporting Act and Pri- 
vacy Act of 1974 to discover and correct their credit and 
Federal agency files. However, finding all the record 
systems containing an individuaFs files may require con- 
siderable effort and inconvenience. We may be already 
past the point where a person can monitor all uses of 
data about himself. 

But the concept of privacy protection implies more 
than assuring that one's own records are handled cor- 
rectly, for we cannot avoid living in a world in which 
personal data systems enhance the power of government 
and private organizations to influence individuals. Social 
and technological forces continue to magnify the impor. 
tance of the data systems in such power relations. 
"Rules of the game" to protect privacy may not help if 
changes in the climate of public life encourage inatten- 
tion to the rules. 

The "need" of organizations for more and more per- 
sonal recordkeeping deserves more critical attention. Im- 
aginative alternatives to the endless collection of per- 
sonal data do exist. Organizations could be encouraged 
to get along without detailed personal information; for 
example, simplifying the detcrmmation of income tax 
would mean that fewer circumstances would have to be 
documented. 

Wc face a tension between the demand for more m- 
formation in the interests of organizational efficiency 
and the reduction of such demands to lessen pressure 
upon privacy and individual autonomy. Wc must rec- 
ognize that the values of efficiency and technological 
"progress" sometimes run counter to those of privacy. 

Data-using institutions assert strongly that popular de- 



72 



mand causes them to seek ever greater ainounts of in- 
formation. However, the public's attitude toward data 
collecting is a mixture of support and disapproval, ac- 
cording to a 1978 study commissioned by the Sentry 
Insurance Company. The study found that Americans 
clearly believe that personal privacy is on the wane al- 
though there is no consensus on what to do about it. 

The only hope of avoiding continued pressure on pri- 
vacy is to actively pursue practices that require less in- 
formation. This would impose costs of varying nature 
and extent but would not be crippling to the operation 
of organizations. Auto insurance, consumer credit, and 
tax bureaucracies, for example, should be able to operate 
with less personal information. 



INFORMATION PRIVACY: A LEGAL AND 
POLICY ANALYSIS {ROBERT R. BELAIR) 

Information privacy refers to those standards that pro- 
mote fairness to individuals in the use of recorded in- 
formation about them. First, such standards ensure that 
society is fair in deciding such maUers as an individual's 
ability to obtain employment, credit, insurance, licenses, 
and other benefits. Second, information privacy doc- 
trines protect an individual's sense of freedom from a 
**chilling" effect that may result from his knowledge 
that information has been collected about him. A 1978 
survey indicated that three out of four Americans believe 
a **right to privacy'* is akin to an inalienable right; one 
out of three believes our society to be near that of George 
Orwell's 1984, where the government always knows 
what everyone is doing. 

Five important developments are contributing to an 
information privacy problem. 

• First, an individual's financial transactions are 
more complex, and financial records are inevita- 
bly held by such second parties as banks and 
creditors. 

• Second, the government's expanded activity re- 
quires it to collect extensive amounts of personal 
information. 

• Third, our society's ''near religious faith" in 
meritocracy requires testing, measuring, and re- 
cording personal information on an individual's 
intelligence, personality, emotional stamina, and 
character. 

• Fourth, recently heightened public suspicion of 
government and institutional authority makes in- 
stitutions keep detailed records to document their 
decisions. 
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• Fifth, the surveillance and information technol- 
ogies have matured: advanced electronic listen- 
ing and watching devices have been developed. 
Truth detection techniques have also advanced. 
Most important, automated recordkeeping and 
dissemination technologies make it possible to 
collect and handle data efficiently and econom- 
ically. 

It is difficult to overstate the importance of computers 
in information policy and handling. The amount of in- 
formation that can be handled has greatly increased. Raw 
data can be compiled into many configurations for many 
uses. Information stored in computers can be retrieved 
easily and cheaply. Computers can link records, elimi- 
nating the need for central data banks. Finally, advances 
in telecommunications have now reduced the privacy 
issue to "who gets to see what personal data under what 
circumstances." 

The Supreme Court has not been receptive to claims 
that information privacy is guaranteed by the Constitu- 
tion, although the concept has common jaw and statutory 
recognition. For instance, the Supreme Court decided 
that contents of bank records need not be kept private. 
In other cases, the Court recognized a limited constitu- 
tional right of information privacy but in most instances 
niled against the privacy claimants. 

Two common law doctrines protect personal infor- 
mation. One is an implicit promise by the rccordkeeper 
that information will be confidential, as with physicians 
and bankers. The other penalizes rccordkeepers if re- 
leased information is inaccurate and derogatory or if the 
method of data collection is overbearing or deceptive. 

In the last 15 years, major strides have been made in 
recognizing and safeguarding informational privacy. The 
first legislation in 1968 banned most use of wiretapping 
and eavesdropping devices in the private sector. Next, 
the Fair Credit Reporting Act set standards for collection 
and use of personal information by consumer-reporting 
agencies. The Privacy Act of 1974 required Federal 
agencies to explain recordkeeping practices, provide 
subjects with rights of access and rebuttal, comply with 
restrictions on information collection, meet data quality 
and management standards, and comply with modest re- 
strictions on disclosure. So far, 12 states have enacted 
similar statutes, although the Privacy Act has been crit- 
icized on a number of grounds. 

In 1977, the Privacy Protection Study Commission 
recommended standards for personal record handling by 
the private sector and safeguards limiting government 
access to information maintained by nongovernmental 
rccordkeepers. One of the Commission's recommenda- 
tions became law in the Right to Financial Privacy Act 
of 1978. 

Thus, a framework for protecting information privacy 
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has been fully articulated, largely implemented at the 
Federal level, and partially implemented at the state and 
local government levels. Implementation for the private 
sector is just beginning. 

In the 1980s, the challenge to information privacy will 
probably continue to grow. There is little prospect that 
a consensus will soon emerge as to what extent infor- 
mation privacy rights should be protected, although in- 
formation privacy safeguards should be extended to the 
private sector. Policymakers should not rely on the par- 
ticipation of subjects as a principal enforcement mech- 
anism, because individuals arc in a poor position to po- 
lice organizations that may be intimidating or with whom 
they have little contact and whose information practices 
become increasingly complex. There is a need to im- 
prove the effectiveness of confidentiality standards. A 
Federal law passed in 1974 specifically prohibits certain 
kinds of third-pany disclosures. 

Certain principles should be followed in the framing 
of information collection standards: 

• individuals should always know that information 
has been collected on them; 

• individuals should have the right to consent to 
the collection of data when they are the source 
of the data; 

• individuals, even when they consent, should not 
be the target of devices ihat take information 
from them in a way they cannot control; 

• limits should be placed on how data are used; 
and 

• new technology should be monitored. 

However, it is unlikely that these steps can be en- 
forced without a new government regulatory agency to 
oversee them. Therefore, the public may have !o choose 
in the 1980s between effective privacy safeguards and 
its desire to avoid creation of new government regulatory 
agencies. 

THE ECONOMICS OF PRODUCTIVITY AND 
SOME OPTIONS FOR IMPROVEMENT 
{SOLOMON FABRICANT) 

Productivity growth is critical to the standard of living 
and the international position of the United States. Thus, 
the recent decline in productivity growth is a national 
concern. The processes that affect productivity growth 
arc intricate. Science and technology arc important, but 
other important factors also operate in our market econ- 
omy. 

ERLC 



The information required to improve productivity suf- 
fers from gaps and ambiguities. One source of confusion 
is related to various definitions that are used, including 
what economists call **labor productivity" and **total 
factor productivity." The term **productivity" as used 
in this paper refers to labor productivity. It can be im- 
proved through the use of better equipment or materials, 
reorgimization of a firm or industry, or modification of 
government regulations. Improved productivity entails 
economic and social costs that must always be compared 
to the benefits to be derived. Unfortunately, information 
on costs may be inadequate. Furthermore, what happens 
to productivity in one industry depends on what happens 
in the rest of the economy. Finally, the consumer plays 
a role that is generally ignored in the GNP. 

The estimate of productivity is not a simple matter. 
One special problem relates to the problem of measuring 
worker output in cases where the end product is not a 
tangible good. This is panicularly true in the service 
sector of the economy, which is often thought to be of 
special concern since its productivity growth rate is well 
below corresponding growth ratio in the non-service sec- 
tors. However, the distinctions between the goods-pro- 
ducing and service sectors is not sharp. Productivity and 
productivity growth vary widely among industries in 
both sectors and over different time periods. For most 
industries in both the goods -producing and service sec- 
tors, productivity growth has been declining. However, 
since these statistics are based on output measures that 
are themselves flawed, it is not clear how these declining 
rates are to be interpreted. This is particularly true in the 
service sector. 

Three main factors affect productivity growth: in- 
creases in tangible capital per worker hours, improve- 
ment in the quality of labor, and increases in the effi- 
ciency with which capital and labor are used in 
production. Underlying these factors are: the basic 
causes of increased tangible capital; the education, tram- 
ing, and demographic changes that determine the quality 
of labor; and technological and other advances that raise 
labor productivity. 

Over 90 percent of industrial research and develop- 
ment (R&D) in the U.S. is performed by the manufac- 
turing industries. However, a good deal of R&D also 
reaches non-manufacturing industries in the form of 
equipment, materials and supplies. Economists have at- 
tempted to assess in a number of different ways the 'lon- 
tributions of R&D to productivity growth. Results in- 
dicate a strong positive contribution, but the measures 
are rough. One problem is the inability to measure ac- 
curately the influence of new or improved technology 
on the quality of the goods and .services produced. An- 
other is the difficulty of tracing (he contribution of re- 
search to improved technology and technology's contri- 
bution to economic progress. Finally, information and 
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techniques to measure, assess and adjust productivity 
figures for changes in the toxic levels and volume of 
harmful byproducts of technology arc lacking. 

How strongly forces that affect productivity growth 
can operate depends on the obstacles that impede them. 
One obstacle is competition with other national goals 
(both economic and noneconomic) and with individual 
goals. A second is curbs on economic freedom, includ- 
ing government regulation, licensing requirements, and 
building codes. The third is dulled incentives, resulting 
from taxes, unemployment compensation, and the Social 
Security system. Four other factors increase uncertainty 
and risk: 

• recent laws and regulations aimed at national 
goals other than growth; 

• rising oil prices since 1973; 

• the high and unsteady rate of inflation; and 

• fluctuations m Federal support of research and 
development. 

Also making for uncertainty and risk in investment 
and enterprise is the dearth of good information on cur- 
rent economic developments. 

Three factors limit choices in making pubHc policy 
aimed at improving productivity. First, the primary role 
in raising productivity has been and will continue to be 
that of private enterprise. Second, our understanding of 
productivity is severely limited. Third, the endless va- 
riety and incessantly changing nature of the situations 
that public policy must encompass and for which public 
officials seldom possess the knowledge required com- 
plicate policy determination. 

If government is to concentrate its attention on spe- 
cific industries to raise productivity, it may be best to 
focus on those with low or slowly rising productivity. 
Also, productivity in industries heavily dependent upon 
the government might improve if they were more subject 
to the forces of competition and the free market. These 
industries include the aerospace and health care indus- 
tries. 

A number of policy options are available to govern- 
ment to improve productivity. Government should con- 
centrate on general policies that can serve to stim.ulate 
private enterprise \nall industries. Expanding the capital 
equipment of the country, encouraging saving and in- 
vestment, improving the quality of labor force, encour- 
aging more education and training and the development 
of better materials and technology — all are steps gov- 
emmcnt can take. Government can also ease regulations 
and tailor taxes, subsidies and grants with the goal of 
stimulating productivity. Private monopolistic practices 
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can be curbed. Better controls can be designed and ex- 
erted over the quantity, quality, and co.st of the output 
of industries in which government is heavily involved. 
Research on the economic, social, and statistical ques- 
tions involved in increasing productivity is also desir- 
able. 



TECHNOLOGY AND THE IMPROVEMENT OF 
AGRICULTURAL PRODUCTIVITY 
(HAROLD D. GUITHER) 

Agriculture is the largest industry in the United States, 
employing 17 million to 20 million people. In 1979, its 
gross output will^be valued at $118 billion to $128 bil- 
lion. Agricultural exports of about $30 billion per year 
help reduce the deficit trade balance. The food system 
uses about 17 percent of all energy used in the Nation, 
putting that energy into reducing labor by mechaniza- 
tion; boosting the quantity and varieties of food pro- 
duced; lowering the risks of crop failure or food spoil- 
age; and reducing waste. Farmers' dependence on fossil 
fuels has grown because, so far, it has made economic 
sense; they spend 4 to 8 percent of their operating bud- 
gets on energy, directly and indirecdy. 

U.S. farmers are middlemen processing such pur- 
chases as machines and fertilizers into food and fiber. 
Four factors enter into agricultural production. land, la- 
bor, capital, and management. Management, which im- 
plements new technology, is a major force behind chang- 
ing productivity 

Technology has been the most important force in in- 
creasing farm productivity, which has been closely re- 
lated to the progress of the entire economy. The infusion 
of technology has increased output but concentrated it 
in areas away from markets, leading to lower-quality 
products and consumer dissatisfaction. However, the 
consumer has benefited from abundant supplies of a 
wide variety of foods at lower prices than in other de- 
veloped countries. 

The major options for improving productivity of land 
can be categorized as crop specialization, shifts within 
the cropland base, and land-use conversions. For the 
labor factor, efforts to substitute human or animal labor 
extensively for mechanical power would result in sharply 
higher food prices. Options that improve capital produc- 
tivity and tie in with energy use include. 

• improving efficiencie5 of present technologies, 

• conserving fossil fuels by shifting to more use of 
solar energy: 

• producing alcohol from agricultural products, 
and 
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• shifting to less capital-intensive methods. 

Maintaining adequate food production during the tran- 
sition from fossil fuels to renewable energy sources 
poses a major challenge toU.S, agriculture. Fortunately, 
there arc many opportunities to make more efficient use 
of present technologies. Machinery can be operated 
more efficiently, and use of pesticides and other chem- 
icals can be reduced without reducing their effective- 
ness. However, imposition of energy restraints would 
shift croplands into vegetable production. A number of 
solar applications may prove economically feasible. A 
widespread move to solar energy can make agriculture 
more energy self-sufficient, provide jobs in rural areas, 
and reduce oil imports. Production of alcohol from ag- 
ricultural sources is technically feasible, but problems 
of economics and process energy use are unresolved. 

The options for improving productivity through less 
capital-intensive farming include organic farming. Re- 
search into its energy-saving potential is inconclusive. 
Studies of the Amish lifestyle indicate that more energy 
is conserved in their homes than in their farms. 

Appropriate tax policies to improve farm productivity 
are much debated. A fanner's ability to benefit from 
special tax laws is related directly to his tax bracket. Tax 
shelters arc not necessarily a waste of capital resources. 

The options for improving production through man- 
agement include upgrading the education of farm oper- 
ators, determining the most efficient size of operation 
using integrated pest management, double cropping, and 
using computer technology. 

U.S. policy has not faced up to how a major shortage 
(for example, of fertilizer or of fuels) would affect our 
ability to continue to export agricultural products. Nor 
is there adequate policy governing competition between 
imported and domestic products. 

The major options for improving productivity of land 
center around retaining **prime** lands in agricultural 
production, letting the market allocate all lands, and sub- 
dividing large farms into 160-acre units. 

No major scientific breakthroughs comparable to hy- 
brid com or DDT appear likely, although some improve- 
ments in productivity can be expected from applications 
of existing technology and development of new tech- 
nology. Research needs include long-range weather fore- 
casting, pest control, various areas of plant and livestock 
research, and a realistic assessment and policy for en- 
ergy's impact on agriculture. However, if agriculture s 
exempted from paying higher energy prices, it has little 
incentive to innovate. 

The goals for U.S. agriculture need to be identified. 
Some decisions may be made on the basis of economic 
efficiency; others on social equity. Some questions in 
need of answering: Are small farms warranted? What is 



the significance of small fanners turning more to direct 
marketing, albeit in limited numbers? 



THE ROLE OF SCIENCE AND TECHNOLOGY IN 
THE CONTAINMENT OF HEALTH CARE COSTS 
(KENNETH E, WARNER) 

The costs of American health care are today's most 
discussed health care issue. Increases in health care ex- 
penditures in recent years have exceeded the general in- 
crease in consumer prices by about 50 percent. The Fed- 
eral Government's share of health expenditures has also 
grown rapidly, so that the Government feels this rise in 
costs even more acutely than does the population at 
large. However, in its response to the health cost prob- 
lem, the Government fails to distinguish **health" from 
**medical care." 

Health is affected by genetic factors, individual be- 
havior, and environmental conditions, as well as by the 
use of personal health services. One n^ason for the in- 
creased use of personal health services is to redress the 
damage done by the other factors. Environmental influ- 
ences affect large groups of people. Hence, many people 
could benefit from programs or technology in this area, 
while the other areas represent primarily individual in- 
fluences. 

Medicine is technologically backward in many re- 
spects, one being that medical care continues to be a 
labor-intensive activity. However, there is general agree- 
ment that medical care is now experiencing a technolog- 
ical revolution of unprecedented magnitude that started 
in the 1940s with the development of antibiotics. Al- 
though the dramatic impact of the early wonder** drugs 
has not been repeated, research continues to make ad- 
vances that significantly affect the practice of medicine. 
Cancer chemotherapy, as well as new drugs to treat 
pneumonia, ulcers, and epilepsy, will help contain costs. 

The emphasis in medical innovation has shifted from 
biology and chemistry to an equipment-based, engineer- 
ing technology. The new devices generally are not in- 
tended to prevent or cure diseases, but rather to diagnose 
or control them. Operating costs (particularly personnel) 
and excessive use of these devices are major causes of 
increased technology-related costs. Another major cause 
of increased costs is extensive third-party payments, 
both by private insurance and by public programs, which 
make the costs of no direct concern to patient or phy- 
sician. Currently, over 90 percent of hospital charges are 
paid by third-party reimbursement. This situation has 
induced private industry to search for technologies with 
minimal concern for their cost. Thus, little effort has 
been devoted to tapping what may be a large reservoir 
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of cost-saving medical innovations. In the future, the 
nature of reimbursement and regulation schemes may 
prove more important than specific restrictive practices. 
Some of these practices have failed to contain costs 
while others may even have had the effect of discour- 
aging research and development. 

General trends in science and technology will also 
shape the medical technology of the future; for example, 
use of computer technologies, now limited in medicine, 
can help contain costs in accounting and record man- 
agement in private practice and small climes. Computers 
used in more direct medical applications may introduce 
new factors, however. For example, who is liable if a 
computer **orders** administration of the wrong drug, 
producing negative effects in a patient? 

New medical and surgical procedures and research in 
such areas as recombinant DNA may help reduce med- 
ical costs as well Still, in the immediate future, the cost 
of medical care will continue to rise at a greater rate 
than general prices, and technology will continue to con- 
tribute to that increase. 

Some prevention activities can hMo contain health 
care costs. Historically, funding for jvention efforts 
has been minimal but is now increasing. Genetic manip- 
ulation to produce healthier humans is a more distant 
possibility for reducing costs. 

A small investment in persuading people to behave 
differently — for example, to smoke less and exercise 
more — can contribute significantly to health with a cor- 
responding decrease in costs. Environmental legislation, 
with its corresponding reduction in pollution, can also 
lower costs, as can effective m^^nagement of toxic sub- 
stances. Motor vehicle accidents are still another ex- 
ample of an ^^environmental** problem. Techniques for 
reducing accidents include beh? lor modification — for 
instance, stricter enforcement of speed limits — and such 
technological aids as car and road safety features. There 
are also less tangible social, political, and economic im- 
pacts on health. For example, the decrease in the pri- 
macy of the family has contributed to mental illness. 

In conclusion, one must keep in mind that all cost 
increases are not undesirable The goal of cost contain- 
ment should be to decrease only the unnecessary or less 
effective expenditures. However, without a radical 
change in the basic reimbursement pattern, inflation of 
medical costs seems likely to persist. 

Science and technology m the past appear to have 
made their greatest contribution to health in nonmedical 
areas such as better sanitation and public education. For 
the future, research in biomedicine, epidemiology, and 
health services, plus increased use of computer and soft- 
ware technology, can all contribute to containing health 
care costs. 
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ENHANCING THE CONTRIBUTIONS OF SCIENCE 
AND TECHNOLOGY IN ENVIRONMENTAL, 
HEALTH, AND SAFETY REGULATIONS 
(EUGENE />. SESKIN AND LESTER B. UVE) 

In the 1960s, Americans increasingly recognized that 
a new institutional framework was needed for protecting 
the environment, health, and safety. The new approach 
was a radical depanure in that it consisted of broad gov- 
ernment regulations whose goal was **simply*' to protect 
the environmental, health, and safety (EHS) concerns of 
all Americans, with little attention to resource require- 
mients or scientific foundation. A host of new agencies 
was created and vast resources were devoted to rule- 
making, litigation, and compliance. The mechanism 
Congress used to attain EHS goals was basically judicial 
in nature and evidenced naivete about scientific analysis. 
Although it is values that are fundamentally at issue, 
science and technology can help to define what EHS 
effects would be mitigated by proposed actions, what 
EHS objectives can be attained, and what the most ef- 
ficient means might be for reaching those objectives. 
Science and technology will not tell us how safe or cau- 
tious we ought to be, but they will serve to clarify the 
costs and risks associated with proposed actions. 

No one is certain how much the myriad new regula- 
tions are costing us or whether the benefits exceed the 
costs. Some estimates imply that a substantial portion of 
the growth in U.S. economic productivity has gone to 
finance EHS regulations. However, cost figures do not 
include estimates of the offsetting gains, or benefits, 
attributable to the regulations. Unfortunately, relatively 
little attention has been paid to this side of the equation, 
partly because the benefits are deemed self-evident. Fur- 
thermore, the benefits are less tangible and are fre- 
quently spread among a larger population. Yet, the po- 
tential benefits from EHS regulations are large and real, 
and their estimation is essential for rational policymak- 
ing. 

In trying to achieve their goals, regulatory agencies 
face the extraordinarily difficult task of balancing pro- 
tection against costs. Here, science and technology can 
be both a help and a hindrance. Science and technology 
introduce useful synthetic chemicals, but some are car- 
cinogenic. They enable us to isolate minute concentra- 
tions of substances, but some are not always to our lik- 
ing, the dioxin TCDD being a prime example. 

A multiplicity of goals — broad, complex, and often 
incompatible — influence policies concerning EHS reg- 
ulation. One is economic efficiency — that is, achieving 
some objective with the smallest expenditure of re- 
sources. In certain circumstances, a competitive market 
system will achieve this goal. A second goal is equity. 
No governmental action takes place without some con- 
sideration of the distribution of costs and benefits to 



72 VOLUME i: THE FIVE-YEAR OUTLOOK 



important groups of society. A special aspect of equity 
involves competition among regional or other groups. 
For example, unifonn national pollutant standards avoid 
giving one region a competitive advantage in attracting 
industrial plants, despite the fact that the costs and ben- 
efits of implementing the standards may vary widely 
from region to region. Other goals are administrative 
simplicity and preservation of individual freedom. An- 
other possible goal of regulation frequently cited in EHS 
areas is that of forcing technologies by setting stringent 
standards with tight deadlines. 

Regulatory strategics now take various forms in our 
economy. Recent discussions have given greater empha- 
sis to njarket approaches, rather than to standard setting, 
to accomplish desired goals. A recent study concluded 
that strategies making use of such economic incentives 
as emissions fees and maricetable permits cost far less 
than those that do not. 

Another issue is the fact that Federal legislation fre- 
quently fails to give the regulators a clear mandate with 
workable goals. Regulations should be timely and 
quickly implemented when threats to the environment, 
health, and safety are involved. However, when billions 
of dollars of compliance costs arc at stake, intense con- 
troversy and delays are inevitable. In addition, the re- 
sources and time needed to promulgate new regulations 
limit what agencies can do, making it crucial that they 
single out the most important problems. Identifying 
those problems can be especially difficult in the area of 
toxic suustances because such chemicals are usually 
present in quantities so small that adverse effects arc 
haid to establish. 

More information is needed on both costs and benefits 
of EHS regulations. One source of confusion in esti- 
mating costs may be that to economists, **cost" means 
not just money spent, but opportunities foregone. The 
estimate of cost associated with regulatory policies 
would be more accurate if studies were made comparing 
the actual costs in individual plants with predicted costs. 
New technology also influences costs. Curren* estimates 
arc almost inevitably based on existing technology, 
which lends to overstate costs. Again, retrospective stud- 
ies would be informative. 

Health effects usually predominate in estimating the 
benefits of EHS regulations. However, other effects — 
such as those of air pollution on plants, animals, and 
materials — can be both important and hard to measure. 
They can be studied by two basic approaches — experi- 
mental or statistical. Putting a value on odors, outdoor 
visibility, and other quality-of-life factors is still at a 
primitive stage. 

Complicating the problem of estimating the health 
benefits from EHS regulations is the fact that people arc 
exposed to pollutants through a variety of pathways, and 
that pollutants move and arc transformed in the body. 



Thus, attributing effects to low-level exposures taking 
place over long periods is extremely difficult. Labora- 
tory experiments are valuable in revealing biochemical 
and physiological mechanisms. Such research often uses 
small animals, microorganisms, or cultured human cells. 
Animal bioassays can demonstrate such qualitative ef- 
fects as cancer or birth defects and can suggest quanti- 
tative, dose-response relationships. However, interspe- 
cies differences, difficulty in creating *real world* 
conditions in the laboratory, expense, and lack of ap- 
propriate statistical techniques are limiting factors. Hence, 
there has been a great deal of interest in alternative ap- 
proaches, especially short-term bioassays to identify po- 
tentially hazardous chemicals. The most thoroughly 
studied of these, the Ames test, is based on the relation- 
ship between the carcinogenic activity of some com- 
pounds and their production of certain types of muta- 
tions. It, too, has difficulties. 

Similarly, epidemiology has strengths and weaknesses 
in estimating health benefits. Spurious correlation is al- 
ways a possibility because many factors simultaneously 
affect health. Further, identifying mutagens or carcino- 
gens is even more difficult because of long latency pe- 
riods. Finally, there are serious deficiencies in epide- 
miological data. 

Once the relationship between exposure and health 
effects is quantified, then one can predict how reductions 
in exposure would affect health. The next step is trans- 
lating the predicted changes into monetary equivalents. 
This extremely controversial problem can be approached 
by admining that society has limited resources to devote 
to life-saving activities and should put them where they 
will do the most good. A greater understanding of the 
**psychology of risk" would also be useful. Moving for- 
ward in those scientific and technological areas that can 
enhance EHS regulations requires experimentation to 
identify the institutional arrangements best suited to car- 
rying out the needed research. Whatever the arrange- 
ment, a long-term perspective involving interdisciplinary 
approaches is needed. 

CRIME AND TECHNOLOGY: THE ROLE OF 
SClENTinC RESEARCH AND TECHNOLOGY IN 
CRIME CONTROL {PETER K. MANNING) 

Police work, in terms of everyday functionmg, does 
not appear to have changed much in 150 years, new 
technology notwithstanding. Police often view new tech- 
nology as a symbol of power rather than as an aid to 
crime control. In recent years, new crime control tech- 
nologies have been introduced, but many of these efforts 
have failed because of the nature of police organizations 
and attitudes. 

In police work, traditional technology (defined as the 
means by which an organization transforms inputs into 
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processed outputs) is nonroutine; the material means 
used are limited and personal; and the knowledge avail- 
able is nonsystcmatic situational knowledge rather than 
casual theories. 

The segments, activities, and resources of police or- 
ganizations pattern the role of technology. Police arc 
highly dependent on information of all types — from cit- 
izens (primary information), from once-processed infor- 
mation in investigative units (secondary information), 
and on information about primary and secondary infor- 
mation already in the system (tertiary information). Un- 
fortunately, the nature of police organization has pre- 
vented information from being syslemizcd into a uniform, 
comprehensible, cross-referenced, and retrievable set of 
data files. 

There are three basic police operational strategies, or 
patterns of relating to the environment: preventive, 
proactive (as when police create demand or act on the 
basis of secondary or tertiary information), and reactive. 
Each dictates different methods of information gathering 
and technology use. 

Technological innovations have been of two kinds. 
The firs., based on primary information, is primarily in 
patrol units. In these cases, certain assumptions arc made 
about the relationship between crime and poiice activity; 
reduced response lime, increased visibility of vehicles, 
and increased police presence will increase apprehension 
rates. An important negating factor regarding response 
time appears to be the time between when a crime is 
committed and when the victim reports it. Until this time 
decreases, lowering response time may not help reduce 
crime significantly because of other factors. Regarding 
increased presence and visibility, models have been de- 
signed to ''disperse crime" by diffusing the police pres- 
ence, but few police depanmenls have (ried to use these 
models. In other experiments, in Kansas City, Mo., and 
Wilmington, Del., spreading out patrol units failed to 
deter crime significantly. 

The second kind of technological innovation is based 
on secondary information. The most important examples 
in this area are case-screening models in detective and 
juvenile work, in specific cases that experience has 
shown will probably not be solved. The effectiveness of 
detectives in case-screening models has been assessed 
in three studies. Technology was one of the variables 
studied. The results showed that such factors as training, 
staffing levels, and organization had no significant effect 
on arrest levels but could reduce lime spent on unsolv- 
able cases. Other studies show similar results. 

In short, innovative technology seems to be ineffec- 
tive in operational police work b^^-^use while the police 
are attracted to innovation, they unable to judge its 
value objectively. However, alte should continue to 
apply technology to police work i lore efficient man- 
ner, although police altitudes and factors over which 
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police have no control — such as weather, citizen-report- 
ing practices, and the unpredictability of criminal 
events — combine to work against efficient use of new 
technology. Research in the area is just beginning, how- 
ever, and only in the future will the prcci.se effects of 
technology oc crime be established 



CRIME CONTROL: SCIENCE TECHNOLCKJY AND 
THE INSTITUTIONAL FRAMEWORK 
(jRiCHARDA. MYREN) 

Criminologists generally agree that there is "no single 
simple cause of crime." The most important element in 
controlling crime is support of that effort by community 
members. Also important is that criminal laws stay com- 
patible with the community's value system. 

Research is not automatically put into practice. Though 
scientists (social and behavioral) must strive to be 
''amoral and value free," they must during testing con- 
sider the morals and values of the system in which test- 
ing is done. Social scientists can generate new data, 
organize and interpret them, and predict the impact of 
alternate actions. Usually, there is tension between re- 
searchers and practitioners. 

The Science and Technology Task Force, commis- 
sioned by the President in 1966, focused attention on 
and began systematic studies of crime control. About 
$8 million is spent annually on such research by the 
National Institute of Law Enforcement and Criminal Jus- 
tice (NILECJ). In a critique of the way the Institute 
conducts its research, the National Academy of Sciences 
in 1977 made 19 specific recommendations, most of 
which arc being implemented. Long-range items now on 
the Institute's agenda include: 

• determinates of criminal behavior, violent crimes 
and offenders; 

• "career criminals"; 

• use of police resources; 

• pretrial process; 

• sentencing; 

• rehabilitation; 

• deterrence; and 

• performance standards for criminal justice. 

The Institute also administers other programs closely 
related to its research and development functions. 
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The National Institute of Mental Healdi runs a Center 
for Research on Crime and Delinquency; most of its 
awards each year go to university-based scholars, CHher 
agcndca— including NSF, the Department of Labor and 
HEW» and the National Academy-Huie active in the 
crime and justice area. OUier reports wiUi various rec- 
ommendations have been issued, including a task force 
report on criminal justice research and development. 

Research priorities in criminal justice are set largely 
by the Law Enforcement Assistance Administration 
(LEAA) and NILECJ. Their broad parameters are fixed 
by die NII^CJ's perception of tiie will of Congress. 
Widiin those limits, die NILECJ staff, scholars, and 
practitioners contribute to die final decisions made by 
LEAA. Littie is known about the criminal research com- 
munity. Results from the enterprise are uneven and dif- 
ficult to assess. Research can contribute to defining 
crime and its causes, devising programs to prevent 
crime, establishing policies for dealing with crime, clar- 
ifying the influence of government crime-control pro- 
grams on people, and planning what to do with Uiosc 
peop 5, Natun»i and life sciences and technology arc use- 
ful mainly in detecting crimes and finding criminals. 
Law and social sciences are more useful for determining 
why crime occurs and what to do with offenders. 

Funding from local. Federal, and private sources 
ought to be available for such research. Processing issues 
regarding use of research include: impact of values on 
criminal justice policies, frequency of policymaking 
witiiin die political arena, diversity, kinds of people in 
volved, limited nature of the Federal role, and lack of 
continuity in Federal policy. 

A variety of efforts ought to continue, including any 
that look into research methods, expansion of **trans- 
disciplinary" programs at universities, better coopera- 
tion bctv/een academic research programs and crime 
control planning units in a state, and development of 
additional research-oriented justice faculties throughout 
the United Slates. •'There is no field in which generation 
of new knowledge is more important than in control of 
crime. Precisely because many of the issues are moral 
and political, it is imperative that tiiey be informed by 
scientific research." 

SCIENCE AND TECHNOLOGY IN STATE AND 
LOCAi. GOVERNMENTS: PROBLEMS AND 
OPPORTUNITIES {IRWIN FELLER) 

There are basic incompatibilities between the way in 
which the Federal Government is organized to provide 
science and technology assistance and the factors that 
influence its effective use by state and local govern- 
ments. These incompatibilities relate to: 

• differences between the **product** orientation of 



Federal agencies and tiie needs of state and local 
governments for ••processes"; 

• different perceptions of what constitutes success; 
and 

• a lack of incentives for Federal agencies to sup- 
port activities that would assist these jurisdictions 
in developing effective capabilities to use science 
and technology. 

T\\c root needs of state and local governments in sci- 
ence and technology are much as tiiey have been — to 
imp/ove the quality and efficiency of their services and 
to improve the quality of their decisions. A recurring 
pioblem is tiie tendency to treat state and local govern- 
ment concerns as the mirror image of Federal efforts to 
achieve other valid and overiapping policy objectives. 
Amcr.g these subsidiary Federal objectives are increas- 
ing tiie rate of technological exchange within state and 
local governments, strengthening policy management 
capabilities, and applying science and technology to spe- 
cific problems. 

The processes that shape tiie use of science and tech- 
nology by state and local governments are more complex 
than originally envisioned — and so are the solutions. In 
their efforts to be more systematic in their use of science 
and technology, state and local governments employ a 
variety of approaches; for example, governors appoint 
science advisors, and state legislatures hire staff scien- 
tists. These approaches can be classified as research and 
development, technology use, and scientific information 
and advice. The various levels of state and local gov- 
ernments differ in the use they make of these three ap- 
proaches. Local conditions generally determine which 
work best. 

The large-scale Federal interventions of the 1960s 
have not always lived up to expectations. However, Fed- 
eral programs for delivering science and technology can 
point to a number of positive contributions, including: 

• fostering an awareness of the gains science and 
technology can bring; 

• creating channels through which state and local 
governments can communicate with one another; 
and 

• providing a major source of funding for testing 
innovative projects. More fundamentally. Fed- 
eral assistance has provided state and local gov- 
ernments with resources they probably could not 
provide themselves. However, Federal assistance 
usually requires meeting certain Federal objec- 
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tivcs, somedroes to ihc detrimcpt of state aiKl 
local objectives. 

The tendency of Federal agencies to transfer science 
and technology "vertically" to sUte and local counter- 
parts is logical. But when the burden of costs shifts from 
the Federal level downward, problems can set in. Pres- 
sures on Federal agencies lead to product-oriented activ- 
ities — for instance, promotion of a specific technology 
in many jurisdictions. But state and local governments 
most ne«l the "inherently messier" process-oriented 
programs that, for example, involve use of science and 
technology in implementing Federal regulations. More- 
over, state and local governments may not perceive a 
Federal agency as a "neutral" transmitter and thus may 
seek science and technology information elsewhere from 
a broader-based source. Therefore, there arc major gaps 
between what the "locals" need and what the Federal 
Government can provide. 

Many Federal programs try to build the capacity of 
state and local governments to use science and technol- 
ogy, a number of which have proved effective. This task 
is most complex at the state executive level because of 
the many, varied, and sometimes ent;enched programs 
overseen there. To be effective at the executive level, 
scientific and technological knowledge must be inte- 
grated into a state's policymaking apparatus. 

State legislatures have made significant improvements 
in their use of science and technology in policy issues. 
At the local level, network-like programs— ttv? most im- 
portant being the Urban Technology System— still are 
being evaluated but on the whole seem useful. 

Capacity-building programs inevitably encounter two 
barriers at the Federal level. First, they are designed to 
assist state and local governments to improve their in- 
ternal operations, a task which the organizations ought 
to be doing with their own resources. Second, the ca- 
pacity-building concept is "fuzzy." Nevertheless, Fed- 
eral support is necessary. The failures and limitations 
should be regarded as unavoidable experiences in intro- 
ducing innovative programs. 

SCIENCE AND TECHNOLOGY IN STATE AND 
LOCAL GOVERNMENTS: THE FEDERAL ROLE 
{ROBERT K. YIN) 

A major aim of Federal policy in science and tech- 
nology is to serve the needs of state and local govern- 
ments. Reflecting this policy. Federal executive agencies 
have supported a wide variety of science and technology 
efforts. However, no overarching Federal strategy has 
emerged despite continuing attempts to forge one. Al- 
though there is little coordination among the numerous 
Federal efforts, they still fall into two general categories: 



• Technology-push efforts, in which support has 
been provided to promote various technological 
innovations (including hardware, computer sys- 
tems, and data analysis techniques), each pre- 
sumed to improve delivery of services in such 
areas as criminal justice, fire, transportation, 
public works, health, education, and plaiming. 
Federa? support has promoted specific innovation 
projects, as well as large-scale innovative pro* 
grams. A typical innovation project, found in 
education and criminal Justice, has focused on 
identification and dissemination of "exemplary 
practices" — practices that have been tested at a 
demonstration site, evaluated in many cases by 
a third party, and then communicated to other 
potential users. These project-oriented efforts 
have increased in their sophistication and scope 
in vecent years. Examples of Federal program 
support are HUD's Operation Breakthrough and 
Conunerce's Experimental Technology Incen- 
tives Program, The results of such projects have 
been difficult to assess, and in some cases there 
have been clear failures. 



• Demand-pull efforts, in which the aim is to build 
the internal capacity of state and local govern- 
ments to analyze their own needs and meet their 
objectives by using science and technology. A 
leading example of this effort is NSF's Intergov- 
ernmental Program. Again, effectiveness has 
been difficult to assess. As part of the demand- 
pull approriCh, Federal agencies have attempted 
to determine the needs of state and local govern- 
ments more explicitly. One of the more ambi- 
tious attempts is the Intergovernmental Science, 
Engineering, and Technology Advisory Panel, 
whose solicitation from state and local interests 
brought forth a list of some 800 problems that 
Federal R&D efforts could address. The Panel 
categorized the responses into 10 functions, each 
of which was subsequently covered by a task 
force. The 10, in priority order, are: community 
and economic development; energy; environ- 
ment; fire safety and disaster preparedness; the 
eldedy; health and human resources; manage- 
ment, finance, and personnel; police and crimi- 
nal justice; public works and public utilities; and 
transportation. 

Over the next five years, at least two dominant thrusts 
will result from the demand-pull approach: 

• Capacity building. This remains an elusive strat- 



76 VOLUME l: THE FIVE- YEAR OUTLCX)K 



cgy for ihrcc reasons: the most effective strate- 
gies have not yet been identified, despite nu- 
merous attempts; the assessment of capacity- 
building efforts is an ephemeral activity at best; 
and the Federal Government may be in a pecul- 
iarly weak position to promote capacity-butlding 
efforts. 



• Program analysis. State and local officials iden- 
tify program analysis — rather than basic, ap- 
plied, or evaluation research — as being more 
helpful in dealing with their policy problems, 
while Federal agencies are geared toward support 
of research and development. 

Meither of these two thrusts should be considered re- 
search, although such agencies as NSF have tended to 
take the lead role in supporting them. Instead, Federal 
agencies should reassess their priorities and expand their 
agendas to deal with state and urban problems more gen- 
erally, rather than jus! support state and local govern- 
ments. 

The "self- regulated city' —the concept that the gen- 
eral improvements in the quality of urban life are deter- 
mined by the collective activities of citizens and orga- 
nizations-— was the essence of the traditional American 
city of the nineteenth century, as the vigilantes and vol- 
unteer fire companies illustrate. This concept may be 
valid even today. The most relevant research, therefore, 
should focus on the basic social control and on the eco- 
nomic and demographic trends vital to life and likely to 
influence the city in the future. For example, operation 
of neighborhood markets and industrial revitalization 
seem worthy of further investigation. Taking this broader 
view of research needs will probably call for a much 
more innovative approach to policymaking. 

A seccnd group of research topics worthy of continued 
investigation involves innovation, with emphasis on suc- 
cessful innovation rather than on the more U'aditional 
orientation toward identifying barriers to innovation. 
Urban fire services, for example, have successfully im- 
plemented a wide range of new technologies. 

One criticism of many successful technologies has 
been that the public tends to be largely unaware of them. 
Two exceptions involve the paramedic service and the 
use of breath-testing equipment. 

Beyond the substance of the Federal research agenda 
is the equally important question of future management. 
Two managerial concerns in particular need attention. 
One is that although research progresses in a series of 
small steps rather than in dramatic breakthroughs. Fed- 
eral agencies are often forced to demonstrate their 
achievements on a project-by-project basis. New pro- 
cedures are needed to permit reviewing research on an 



aggregate basis— synthesizing progress from numerous 
individual projects, accumulating a consistent set of 
facts, and making them the basis for actual dissemination 
and use. 

The second concern has to do with improving the tech- 
nical quality of research on state and local problems. 
Recent pressure to produce immediate solutions to sig- 
nificant problems has contributed to shortcuts in the nor- 
mal quality control processes. A major quality control 
procedure is the publication of results in refereed jour- 
nals, a time consuming process that has forced many 
agencies to develop alternative forms of communicating 
research results. Other quality-control procedures arc 
used in scientific research, but none is a substitute for 
the mere casual indicator of high-quality research — the 
participation of high-quality people. 

THE IMPACT OF TECHNOLOGICAL CHANGE ON 
THE QUALITY OF URBAN LIFE 
(JOHN PAUL EBERHARD) 

For most of the years since World War II, 90 percent 
of Federal spending for science and technology has been 
devoted to the three areas of defense, space, and atomic 
energy. The quality of urban life in the future can be 
improved by the judicious application of this science and 
technology although there will be problems with trans- 
lation and transfer. Thus, some urban conditions will 
benefit from applications of science and technology, oth- 
ers will not, and still others will likely be aggravated. 

Over the next five years, six primary inventions, or 
bodies of knowledge (those that are the means to other 
inventions or knowledge), will underlie the driving 
forces that impact urban life: electronic technology, vis- 
ual communications, space technology, nuclear energy, 
life sciences, and systems theory. 

Urban areas arc neither easy to define nor to encom- 
pass in human thought. However, a number of current 
Ircnds provide some clues to the quality of urban hfe m 
the next five years: 

• of population. There is a decided shift com- 
ing in the disuibution of ages within the popu- 
lation. The most dramatic is a rapid increase in 
the population over 75, making it necessary to 
shape the manmade environment to accommo- 
date the sometimes limited physical abilities of 
the elderly. 

• Income. In spite of infiation, incomes appear to 
be becoming more equitably distributed, increas- 
ing the middle class in urban areas. 

• Housing, The price of houses is inflating at rec- 
ord levels, with little relationship to construction 
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costs. Hcncc» there is little incentive to make 
technological changes. 

• Other buildings. Nonresidential building tech- 
nologies are likely to be changed in the near fu- 
ture as a result of two different, but related, in- 
fluences: the rapidly increasing cost of fossil 
fuels and an interest in renovating older build- 
ings. 

• Transportation. If gasoline sh(»tages continue to 
plague drivers, they may turn to alternative trans- 
portation at a rapid rate or substitute conununi- 
cations for transportation. 

• Communications and information processing. 
The first major domestic conwnunications satel- 
lite, scheduled to be in business in 1982, will 
provide substantially new means of electronic 
conununications and information processing. 
Microprocessors and minicomputers, made pos- 
sible by chip technology, will impinge on many 
aspects of the city of the fiiturc. 

These trends arc likely to lead to changes in the fol- 
lowing areas: 

• Education. Education at the elementary and sec- 
ondary level has the potential to benefit from the 
new technologies, but countervailing conditions 
(including an aging population less likely to vote 
in favor of increased school budgets and the 
Proposition 13 syndrome) might interfere. Higher 
education may turn to mass communications to 
handle the increasing enrollments of more mature 
persons. 

• Health care and safety. This area seems likely 
to continue to improve rapidly. For example, 
communications satellites connected to computer 
networics will improve health care data systems. 
National health insurance will assure that higher 
costs of medical technology will be managed. 

• Recreation. Decreasing woricing hours and in- 
creased incomes of urban dwellers have in- 
creased leisure activities. However, availability 
and cost of gasoline arc changing vacation pat- 
terns. 



• Work. The number of service workers has in- 
creased dramatically and is likely to continue to 
increase if the fossil fuel situation can be man- 
aged satisfactorily. 

• Local government. Some smaller, more affluent 
cities (especially on the "sun belt'') will proba- 
bly demonstrate the benefits of new technolo- 
gies. 

A number of issues will emerge from application of 
the six primary inventions. Probably the clearcst tech- 
nological breakthrough now visible is chip technology. 
A second and related technology is the communications 
satellite, which will make possible satellite links that 
will enable smaller towns and suburbs to compete with 
larger central cities. The combination of minicomputers 
and microprocessors linked together into a national net- 
work via a conwnunications satellite suggests many ap- 
plications in metropolitan arcas. 

Another issue involves energy. As shortages of oil 
and natural gas grow more acute and prices continue to 
climb, two basic directions in energy policy seem 
likely— increases in electricity generated by nuclear en- 
ergy and in nontraditional alternatives, especially solar 
energy and conservation. 

Life sciences and systems theory arc combining to 
promote change over the next five years. Systems anal- 
ysis can model the complex urban interactions brought 
on by the advances in life sciences — for example, in- 
creased life expectancy. A final issue involves housing 
and urban development. 

A number of programs arc suggested for effectively 
using science and technology in metropolitan areas: 

• a national emergency network for disasters, 
based on the communications satellite; 

• purchase of land with public funds in cities for 
planned development; 

• a major innovative Federal housing program; and 

• a program to improve cities for the elderiy. 

Each suggestion has many policy choices. To forestall 
''paralysis by analysis,** an ''experimental innovation 
incentives** program might be established. 
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Asthma -52. 404 

Astronomy - 23-24. 26-27.82-92. 114-115. 
457-458 

Instrumentation - 90-92. 114-115 
See also Space 
Atheroseleiosis 

See Artenosclerasis 
Atlantic coast reflaeries - 326 
Atlantic Ocean 

Hurricane prcdtLlion studiCN 287 
Mjd-Occan Dvnsmic% F.xpcrimcnt 

(MODE) - 18 
Packet xalcllitc experiment • 338 
Plate tectonics - 8 
Atmospheric research 

See Cliniote 
Atomic and molecular physics - 96-113. 
116-117 

Instrumentation • 100. 105-106. 

111-113. 116. 117. 118 
Rcscirch facilitiON - 100. 117. 

118-119 
Research personnel - 113. 118 
Atomic energy 

See Nucleor ette/yi- 
Atomic engineering - 94-95 
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ATP 

See Adenosine triphosphate 
Attorney G«ii«nil < 629 
Avdio tctcconfcrtncliif < 499 
AiidioUpct 

Educational research - 394 

Health care information • 407 
Auditory ^stem 

5ee Hearing 
Auger spectroscopy • 174 
Australia 

Mineral supplies • 1S8 
Austria 

Public participation in policymaking 
Autoimmunity • 382 

Diseases - 43, 32-33, 77 
Elderly • 234, 377 
Automated manufacturing • 140, 329, 362 
5ee aiso Compute raided design/ 
Compute raided manufacturing 
(CAD/CAM) 
Automated Personal Data Systems, Advisory 

Committee on • 334 
Automatic vehicle locators (AVMs) 
620 

Automobiles • 22'23 

Accidents • 440, 388 

Alcohol-related - 372 
Mortality rates - 218, 219 
Prevention - 388, 667 
Recordkeeping - 336 
Visibility problems • 446 

Computer applications • 123, 339 

Construction • 441 

Aluminum • 186 

Composite materials • 179, 191 

High-strength steels . 172, 

186. 191 
Plastics • 177, 186 

Diesel engines • 441, 443. 430 

Electnc • 147, 163, 440 

Fuel cITlcicncy • 147, 172, 441. 361 

Insurance • 33 1 

Police use - 608 

Pollution - 440. 441. 443, 430. 468, 388 

Regulations . 441. 388 

Rurr! area use • 213 

Safety « 439-440. 44 1. 388. 667 

TrafTlc management • 439*440 

Use in the future • 666 
Auxins • 70-7 1 

Aviation • 23. 59. 438-439. 433. 460-461 

Accidents • 67 1 

Air trafllc control • 438-439. 443 

Airline reservations • 123, 143.494 

Airports • 483, 486. 489 

Civil aviation • 461 

Computer applications • 123, 143, 

438-439 
Energy concerns • 162, 343. 461 
Growth - 437. 438. 460 
International regulations • 284 
International research programs • 

289 

Military • 333. 335-336, 343-348, 

460.461 
Safely - 461 

Supersonic iransports > 21, 461 
See also Aircrqfi 
Axonal conduction • 37-38 
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Baby boom 

See under Birthrates 
Background radiation > 83, 
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Bacteria 

Acting on chemicals in the water 
supply - 253 

Cell structure - 44 

Genetic ntechanisms - 3S, 39, 44 

Nilfoten-fixing - 75, 99, 317 
BahlaM>rt AfpUcatioM Pr^Mt • 609 
Ballistic mIttUcs 

See Missiles 
Baadwhk eapadty - 329, 338. 341 
Baak Secrecy Act - 544 
Baaks aad baaklag 

Discriminatioa < 412 

Innovatioos in Icix&ig - 412, 64^ 

Privacy of daU - 134, 137, 5«3, 53«, 
533, 54>, 543, 545, 547 
Regulations - 544 

Productivity nteasurement - 554-557 

Regulations • 412 

Women and Mortgage Credit prpfcct - 
411 

See also Electronic Junds transfer 
BaHam imports - 185 
Basic research 

See under Research and development 
Batteries 

Layered nuteriab • 94 

Rechargeable - 344, 35«-351 

SpacecraA • 545 
Baaxhe 

Aluminum productrao - Iff 

Imports • 185 
Bay Area Rapid Traaslt System 

(BART) - 451 
Beariags - 336 
Behavior • 29-30 

Adolescent counseling - 229 

Emotions - 54 

Genetic factors - 49-41 

Neuronal basts - 55, 4M. 77, 445 

Noo-vcrbal - 537 

Obsessive - 375 

Sexual • 42-43 

5ife also Mental disorders 

See also Psychological factors 
BclurvlonU Cactors 

Alcoholism - 445 

Drug ibusc - J73. 445 

Health . 29-30. 222, 239-24t, 243, 581. 
5«7 

Behavioral gcMtlcs - 74 
Behavior^ toxicity > 3S2 
Bell Uboratorics • 124, 497 
Bctttoalte reptaccsMats - 421 
BcBzeae 

Leukemia incidence - 4#9 

Production • 252 

Water polIuUon - 447 
Bcazo<a)aathraceM - 3S4 
BcBzo<a)pyreae - 383 
Bcrylllam 

Nuclear reactors - 15S, 188 
Bcrylllam ozlde 

Electrical insulator • 175 
Beta-Bloclier Heart Attach Trial - 4M 
Bibliographic search syitcM - 5«l-5^ 
503,514-515 

National daU base caUlog .514 

See also Data bases 
Bilateral research acrecaMats • 291, 293, 
297. 431 

Bloassay aKthodology - 379-381, 314, 401 

See also specif'^ methods 
Bloavaltabnity - 3S8 

BiooompatibUity - 38S 
Bloeqnivaleacc • 388 
Biofeedback 

Hypertension control • 222 
Blogeochemlcal cydcs - 22, 444 

International research programs • 
214 



Blologkal warlkra . 352, 357 
Bioloeics, Bnreaa of - 380 
Biology - 35-80 

Basic vs. applied research < 37 
Crime control research < 425, 432, 

433,434 
ImpacU < 74, 445 
Instrumentation • 35, 37 
International research programs • 

284.290 
See also specific topics 

Bloaaass atlUzatloa 

Agricultural benefits < 444, 570 
Alcohol fueU • 443, 570, 575 
Energy farms - 150, 159, 148 
Energy vs. agricultural uses < 150, 159, 

140,315 
Energy yield - 150. 159 
Envirocuncntal assessment < 450 
Envirorunental benefits - 159 
Scientific understanding • 342. 348 
See also Greenhouse effect 

Biomedical latrrlalt 
See Implants 

Bioaytteiatics -316 

Binis 

Chemical contamination - 258 

Birth eoatrol - 435 

Developing countries • 217 
Effect on fertility rates - 200, 210 

Birth delects < 61, 25S, 405, 594, 401 

Birthnrtes- I««-200, 201 

Baby boom - i99-200, 213 

Effect on unemptoyment - 204, 
209 

Effect on university 
enrollment • 271 

Projections • 210 

Trends - 199 

See also Fenility 
Black holes < 87, 89 
Black laag disease - 255 
Blacks 

See Racial factors 
Btadder caaeer - 227, 383 
Blood alcohol ooacestratioa - 658 
Blood Uaks - 352 
Blood cdb 

Cell differentiation - 48 

Genetic manipulation • 43, 76 

Rh incompatibility - 51 
Blood laveatory aad laformatioa lystem 

(BUS) -651 
Blood research - 352, 475 
Btae Cioss/BIae Shield - 237, 584 
Blae toagae - 318 
BoH Beraaek aad Newmaa • 393 
Boae caaeer - 227 
Boae asarrow 

Origin of lymphocytes • 50 

Transplants • 51 
Books -500-501, 511, 447 
Boroa 

Composite materials - 179, 191 

Glassy metals - 173 
Botallaas tozia • 58 
Brala 

Aging - 476 
Brain banks • 476 
Development - 4(^1 
Neurotransmitters - 5»-59, 231-232, 

234, 374, 377,445 
Pain centers - 43 
Polypeptides • 40, 77 
Reward centers - 43 
Sensory perception • 61-42, 78 
Structure - 54, 55-54, 77 
See a bo Mental disorders 
See also Neuroscience research 
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86 Bnull ' Cardiovascular dbcasct 
Braill 

Landsat substations • 2S • 

Nalionai Alcoho! Program - 570 

Soybean production -316 
Braalliaa NatloaaJ Rttaarcli OMincil • 293 
Brtaat caactr 

Chemotherapy • 227, 404. 582 

Inherited susceptibility - 46 

Screening • 226. 406. 603 
BrMUlHttttUf aquipoMat • 658 
Bridfts - 439 
BroiKkhb - 404 

Brookkavaa Natkmal Laboratory 

Accelerators -112 
Brows laag dUca«« - 255 
Bneallocb-318 
Balldlap • 666. 669 

Codes • 559 

Eaithquakc-rcsistant • 10. 11-12 

Energy U5c • 148, 162. 568. 666, 669 

Fire safety - 329 

Lead paint - 256 

Renovation • 666 

Stf also Housing 
BvUatia of Ptace Proposals - 289 
Biiprcaorphinc 

Drug abuse treatment • 373 
Bareaa of^ 

5^^ other pan of name 
Bareaycracy 

Education • 396. 397-399 

Police - 610. 611-612 

Public sector - 398 

Recordkeeping tendency - 522-524. 
529 

Barflary preveatloD - 615. 61 8» 620. 633 

B«rldtt*s lympboma - 46 

Bam therapy. - 406 

Bash, Vaaacvar - 6. 7. 9. 10 

Bases -442 

Butadiene product loa - 252 



CAD/CAM 

Ste Computer-oided design/computer- 
ai^*d mannfaciure 
Cadmium 

Agricultural products • 387 

Cigarette smoke - 256 

Drinking water - 449 

Immune system cfTccls - 382 

Imports - 185 

Renal disease • 256 

Respiratory disease • 256 
Cadmlum-tellaHde sensors - 176. 338 
CaiTcine - 41 

CaicuUtors - 394. 396, 493. 511 
California 

Barstow power tower • 159 
Cahfomia Institute ot' Technology 
Owens Valley Radio 
Observatory • 91 
Earthquake observation - 1 1 
Earthquake-resistant structures • 

11-12. 13 
Farmi - 572 
Fisheries - 17 

Four Cities program - 640. 653 
Geysers - 363 

ict Propulsion Laboratory - 440 

Los Angeles 

Crime control - 617. 621 
Earthquake vulnerability • 10, 12 
Smog • 21 
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cite the source materials found in Volume II 



Palo Alto Medical Clinic - 583 
Population migration - 202 
Proposition 13 - 640, 657, 667, 668 
San Andreas Fault - 8. 11, 12 
San Fernando earthquake • 10, 12 
San Francisco 

Earthquakes • 10, 12 
Quahty of life -664 
Stanford Heart Disease Prevention 

Program - 222, 224 
Stanford Linear Accelerator Center 

(SLAC)' 112 
Stanford University 

Microwave tube science 
program - 344 
Van Norman Dam - 12 
Yolo County farms - 572 
Calorlmetry 

Matter study - 113 
Cambrldfe Experimeatatloa Review Board 

(CERB)-A9\ 
Cameras 

On satellites - 24 
Solid state, visible-light • 27 
Watching devices - 522, 535, 537 
Caaada 

Alcohol production - 570 
CANDU heavy water reactor - 18. 
161 

DATAPAK - 135 
Fish population in lakes - 21 
Landsat substations - 28 
Mmeral supplies - 188 
Natural gas reserves - 1 65 
Research aid to developing nations - 
290 

Satellites - 24, 90 
Tar sands - 151 
Caaecr - 225-227, 243, 403-404 
Burden of illness - 220, 242 
Causes/Relationships - 260, 591 
Air pollution - 254 
Alcohol use - 372, 403 
Asbestos - 225-226, 256 
Cultural factors - 257 
Diet - 225, 250, 255, 257, 403, 

406, 601 
Dose-response data - 225-226, 

243, 601 
Drinking water - 254, 263, 448, 
449 

Environmental factors - 225, 
226, 243, 250, 254, 257-258, 
403 

Genetic predisposition - 41, 
43, 46, 48, 225, 243, 257, 
401 

Immune response - 225 
Radiation - 45, 225,403,418 
Risk assessment - 489 
Rjsk factors - 225-226, 243 
Smoking - 225, 226, 227-228, 

243, 250, 254, 256, 257, 259, 

403, 601 
Synergism - 225-226 
Toxic substances - 405, 596, 

600 

Viruses - 45, 46, 2i 5 
Workplace exposures - 226, 250, 
255, 403 
Cells/Mechamsms - 41, 45-46, 48. 
225 

Diagnosis - 226, 404, 406 
Epidemiology - 226. 228. 243. 250. 

257-258. 403 
Incidence 

All cancers versus lung 

cancer - 257 
Geographic variation - 225. 

226. 243. 250. 254. 257 
Uranium miners - 418 
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Utency periods - 379 
Morbid.vy ■ 403 
Mortality rates - 218. 219 220 
Prevention - 227. 403 

High-nsk populations • 403 
Treatment 

Chemotherapy - 44. 53. 227. 

243. 404. 582 
Expectations • 37 
Immunotherapy - 53, 77 
Laetnle - 381 
Manhuana - 376 
Nutntional therapy - 406 
Neutron therapy - 404 
Placebo effect - 381 
Radiation therapy - 227. 243 
Surgery - 226-227. 243 
Thymosin - 384-385 
War on Cancer - 582 
See also Carcinogens 
See also Tumors 
See also specific cancers 
CANDU heavy water reactor - 18, 161 
Capacity bulldlug - 644-646. 652. 653-654 
Cape Cod 

Landsat image - 25 
Carbon 

Biogcochcmical cycle • 22. 466 
C4 cycle - 67-68 
Ceramics - 178, 191 
In the oceans - 18 
Layered materials - 93-94 
Nuclear magnetic resonance - 97 
Carbon dioxide 

Environmental studies - 368 
Fixation - 66 
Fossil fuel combustion 

See Greenhouse ^ect 
In the atmosphere • 368 

Effect on crop growth - 22 
Uvels - 20 
Prediction - 20. 368 
See also Greenhouse ^ect 
In the oceans - 18. 29 
Lasers - 353 
Models - 20 

Nitrogen fixation - 68-70 
Photosynthesis - 65-68 
Carbon-graphite - 337 
Carbon monoxide - 153. 254 
Carelnogens 

Air pollution - 254 

Animal expc'imentation - 225-226. 227. 

255. 262. 596 
Cocarcinogens - 3g3 
Dose-response data - 225-226, 243. 

258-259. 262, 383 
Energy production - 367-368 
Identification and screening - 227. 

258. 383-384. 449.601-602 
Implant materials - 388 
Marketplace - 255-256 
Mechanisms - 45-46. 258 
Number of carcinogenic 

chemicals - 45. 257. 596. 598 
Regulations - 598 
Synergism - 225. 383 
Thresholds 

See Dose-response data (above) 
Water - 254. 263. 449 
Workplace - 250. 255. 262 
See also Cancer 
See also Chemicals 
See also Toxic substances 
See also specific carcinogens 
Cardiovascular diseases - 220-225. 
242-243 

Burden of illness - 220. 242. 403 
Causes/Relationships; 
Alcohol use - 372 

Diet - 222. 223-224. 404. 4O6. 590 
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CardlovasoiUr dU«am (coatiaucd) 

Drinking wiler • 250, 258, 449 
Environmental fictors • 222, 250 
GcneUc factors • 222, 224 
Lifestyle (general) - 581 
Smoking - 223, 224, 227, 243 

Diagnosis • 220, 404 

Epidemiology - 223 

Morbidity - 403 

Mortality rates • 200, 218, 219, 

220,221, 403, 586 
Prevention - 223, 242 

Programs - 223, 224-225, 347, 
404 

Risk factors - 223-225 
Treatment. 220-221,404 

Coronary bypass surgery - 222, 

406,585 
Drug therapy - 220, 221, 222 
See also specific diseases 
Ouibbeaa natloDt 

U S. faculty research 
collaboration • 284 
Carpoollag - 443 
CarrageeiiaJi 

Immune system effects • 382 

Cm 

See Automobiles 
Cartels . 466 

Carter, J tmmy (Adnlaittratloa) 

Arms policy - 429 
Basic research commitment -10. II. 
275 

Domestic Policy Review on Industrial 

Innovation • 325-326 
Domestic Policy Review on solar 

energy - 362 
Energy plan - 576 
Health cost containment policy - 

580, 586, 589, 590 
Interagency Review Group on Nuclear 

Waste Management - 365 
International exchange of 

information concern - 505 
1979 science message - 10. 650 
NOAA designated for remote-sensing 

activities - \24 
Nonfuel Minerals Polic) Study - 184 
Nuclear energy policy - 18. 474 
President's Commission on Mental 

Health -377, 378 
Pnvacy protection policy - 525, 

543, 545, 546 
Solar energy funding proposal - 362 
Cartofraphy 

See Mapping 
CAT scanners 

See Tomography 
Caulysls - 467 
CaUlytic coavertcrs - 450 
CaUracts - 62 

Cecfax (broadcast system) - 502 
an biology - 29. 43-48, 76, 99, 477 

Adaptation - 44 

Aging - 48, 233 

Cytoslccleton - 47-48, 76 

Differentiation - 48, 477 

Emergence of field - 35 

Membranes • 46-47, 76, 388, 452 

Motility - 47-48 

Neurons - 54-55 

Reproduction - 44-45 

Transport - 46 

See also Genetics 
Cement Imports - 185 
Census, Boreaa of the 

Census data - 198, 525, 530 

Current Population Survey - 198 

Demographic programs - 199 

Fertility rate projections - 210 

Goods and services, distinctions - 555 



Housing production and marketing 
surveys - 414 

One-parent family statistics • 205 

Population projections • 200, 213-214 
Ceatcr for ... 

See other pan of name 
Ceatral latclllgeaee Ageacy (CU) - 526, 538 
Ceramles - 21-22. 178, 191, 336 
(medical) ' 19. 179 

Insulators - 175 

Nuclear waste management - 161 
Meul subsututes • 178, 191, 466>467 

Ceres Ecology Corporattoa - 569 

CERN 

See European Suclear Research. 
Center for 
Certificate of Need (COf^) regulation - 

580, 583, 584, 590 
Cervical cancer - 48, 226 
Cbarged-couplc devices - 27, 337 
Charcoal 

Treatment of water - 255 
Charged particle beams 

See Panicle beams 
Charles Stark Draper Laboratory 

Airborne Profiling of Terrain System 
(APTS) - 427 
Chemical Abstracts ^^/a/a base) - 515 
Chemical industry 

Growth - 250-252 

PolluUon - 447, 448, 596 

Productivity • 558 
Chemicals 

Dependence on - 250, 329 

Mutation-causing - 41, 45 

Plant sources - 19. 179, 191, 315 

Production statistics - 251-252, 
261 

SyntheUc - 250-251, 596 

Waste management - 254, 262-263 

See also Toxic substances 

See also specific chemicals 

See also specific types of chemicals 
Chemistry 

International research programs - 
285-286, 293 

See also specific topics 
Chemists 

Employment - 272 
CHEMUNE-405 
Chcmotaxis - 46 
Chesapeake Bay 

Fishery resources - 17 
Children 

Cancer - 404 

Eye disorders - 62 

Health care - 239 

Immunization importance - 51 

Lead poisoning - 256 

Marihua la use - 375 

Mental Gisordcrs - 376-377, 378 

Rheumatic heart disease - 221 

See also Juvenile cnme 

Chile 

Earthquakes - 10 
Landsat substations - 28 
China 

Earthquakes • 5, 10, 1 1 
Scientist exchange programs - 
291-292 

Technological modernization - 430 
Chips - 349, 666. 668 

Capacity - 124-126. 176 

Costs - 124-126. 176 
Chlordanc 

Cause of liver tumors - 257 
Chlorinatlon - 254-255. 262. 263. 449 
Chlorine 

Aluminum rcflnins - 186, 192 

Biogcochemical cycle - 22 

Polychlorinatcd biphcnyls - 258 



Cardiovascular diseases — Cleaa Water Act 87 

21,22, 29, 



Chloronuoromcthaacs - 20, 
466 

Chloroform 

Cause of liver cancer • 254 
Chloromcthyl ethers 

Workplace carcinogen • 255 
Chlorophyll - 65-66 
Cholera - 47 
Cholesterol 

Cardiovascular nsk factor - 223-224 

Level raised by diuretics - 222 
Choline acctyitraasfcrasc 

Senile dementia - 234 
Choliocstcrase - 352 
Chromatography - 35 

Breath testing equipment - 658 

Drug study - 385, 386 

Fossil fuels study - 363 
Chrome - 422 
Chromium 

Imports - 185 

Supply - 3 

Workplace carcinogen - 255 
Chromosomes 

See DNA 
Chronic diseases - 582 

Elderty - 233 

See also specific diseases 
Church, Frank 

Electronic listening devices 
opinion - 537 
Cigarette smoking 

See Smoking 
Qmctidinc - 582 
Circuitry - 31-32. 176, 190, 339 

Digital - 176 

Integrated - 123-126, 129, 176 
Costs - 349, 394 
High-speed - 346, 349-350 
Large-scale - 124, 181,339, 
434, 469, 493, 496-497 

See also Semiconductors 
atles - 76-77. 655-672 

Air pollution - 148, 156, 446, 640 

Community and economic development - 
409-414, 654, 655 

ISETAP task force - 652 

Employment status - 207, 212 
unemployment - 208 

Energy concerns • 148-150, 669 

Finances - 409 

Health care delivery - 238, 667 
Heat islands - 20 
Housing - 410-413, 666, 669-670 
International research programs - 289 
Lead levels - 256 

Neighborhood dynamics - 410-411 
Population changes - 199, 202-204, 214 

Implications - 210-213, 215 
Quality of life - 663-672 
Science advisory boards - 640 
Sclf-rcgulatcd city - 655, 656 
Transportation - 203, 213, 437, 439-440, 
442, 666 

Models - 443 
Trees - 324 

Urban development - 409-414, 
654. 655 

ISETAP task force - 652 
Urban renewal - 410. 670. 671 
Urban simulation models - 413 
Waste management - 1 49. 424. 444. 45 1 
See also State and local government 
See also specific services 

Citizen ... 

See Public . 

Clvcx process - 161 

Civil Rights Act -411. 546 

Oay uses - 421 

Clean Air Act - 259, 415 

Clean Water Act - 415 
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CriminAl justice • 629 
MISnc > 643, 652 
CUavU - 19-23, 31, 327-32t, 432 
Energy cycle - 19 
Fluctuations - 7, 20-22, 21, 
327-321, 453 

Agricultural causes - 20, 2 1 
AgricuhuraJ effects - 20, 22, 
23, 32, 150, 156,314, 327 
Fossil fuel burning causes 

Stt Greenhouse ^ect 
Human causes - 20-21, 22, 3 1 
Hunuui effects • 327 
Industrial and social effects • 
327-32S 

Ocean causes - 17, IS, 2S, 327, 35S 
Orbital causes - 29 
Plate tectonics causes - S, 2S 
International research programs - 
23, 20, 33, 285, 206, 207, 432 
Modification - 320, 432 
PredicUon - 31, 314, 327, 320, 432 
Ability - 23, 576 
Models - 20, 23, 207 
Satellites - 25 
Satellites - 23, 24, 25, 27, 20, 30, 
207, 426, 432, 456 
Olma^ Impact Assessineot Program • 21 
aioute Program Act of 1970 - 23, 30, 31 
Cloffbrate 

To lower cholesterol levels - 224 
C)o«d eonpothlon - 344 
Ottb dM Amis dtt SaJiel - 293-294 
Coal - 16, 17'I8 

Chemical analysis - 162-163, 363 
Combustion - 163, 363, 449-450, 
460 

Enviromnental concerns - 152, 155, 

261,449, 453,460 
Health crncems • 155, 500 
See also Greenhouse ^ect 
Convereion • 152-1^3, 163, 363, 450 
Costi - 146, 140, 152 
Desulfurization - 152, 363, 449 
Fluidizcd beds - 152, 363, 360, 450 
GasiHcation - 153, 163, 363, 364, 

367, 450 
Liquefaction - 153. 163, 363, 364, 

367, 360, 450 
Mming 

Efficiency - 363 
Environmental effects - 416, 

425, 450 
Health and safety concerns • 

410,419, 450 
Methane control - 41'> 
Surface-/ 7. 416,450 
Water needs • 17 
Wastes -417 
Research fundmg - 152 
Source of gallium - 15 
Supply and demand • 145, 146, 
140, 150, 152, 166, 169, 
423, 430, 449 
Synthetic fuels - 150, 152-153, 166, 
36^ 

Transportation - 152, 326, 443 

See also Fossil fuels 
Coal Research, Ofllce of • 152 
CoalHSoo for Responsible Geoetle 

Research • 406 
Coastal ZoDe Management Act - 407 
Coastal Zone Management Program - 644 
Coastal zones 

Fisheries - 17, 432, 434 

Management - 10-19, 31 

Mapping - 427 

Monitoring from space - 24 



Pollution - 10 
Coaxial cablas - 490 
Cobalt 

Cobalt-samarium alloys in magneU • 
174 

Glassy metals • 173 
Imports - 105 
Mining. 421, 424 

Manganese nodules - 17 
Nickel-cobah binder - 422 
ShorUges - 100 

Superalloys in gas turbmes • 172, 
190 
Cocalaa-59 
Coftaeratloa- 149, 163 
Cogahlvt scleaec - 63-64, 70, 334, 
391-394 

See also specific topics 
CollegM 

See Graduate schools 

See Universities and colleges 
Colon caaccr 

Dietary factors - 601 

Screening - 226 
Color bUndaess - 61 
Colorado 

Ceres Ecology Corporation - 569 

Cnme information system - 631 

Nuclear reactor - 161 

Population migration - 202 
ColorinMtry - 650 
Colaicbiam ImporU - 105 
Combaitloa (process) - 65, 162, 360, 

449-450,460-469 
Commerce 

See Foreign trade 
Commerce, Department of - 43-44, 325-331 

Alternative energy programs - 326 

Experimental Technology Incentives 
Program (ETIP) - 650, 67 1 

Intergovernmental programs - 650, 
653 

Joint programs with Department of 

Agriculture - 316 
Productivity measurement - 554, 560 
Commlsstoa of the Enropean Communities • 
200 

Committee on Gtnetle Experimentation 

(COGENE)' 206 
Commodity (low - 444 

See also specific commodities 
Commnnleatloa (thought transfer) 
Classroom - 393-394 
Essential to science - 204, 292, 294-295 
Free flow - 435 

See also Information dissemination 
Communications Act of 1934 - 139, 499 
Communications technologies - 31-33, 
64^5, 134-140,330-339,469,493-507 
539, 666-667 

Constraints - 341 
Cross-subsidies - 500 
Government support of research - 

139, 396, 457 
In.plant - 135 

International issues - 204, 434-435 
LxKal - 135-136 

Networks - 134-135, 339, 4^*0, 500, 

660-669 
Productivity of industry • 556 
Regulations - i2.ii. 130-139, 143, 

493, 499,505.516 
Rural areas - 330-33 1 
Transportation substitute - 17, 22, 517, 668 
See also Computer applications 
See also Computers 
See also lt\formauon ... 
See also Satellites 
See also specific topics 
Community and economic development 
See under Cities 



Community Development Block Grants 

rCDBG;- 413, 654,657 
Community services 

See Public services 
Compoflu materials -27. 179, 191, 327, 

335 

Acoustic sensors - 337 
Aircraft - 179, 191, 335, 345 
Automobiles - 179, 191 
Biomedical applications - 179 
Engines - 336 
Failure - 327, 344 
Fiber composites - 179, 191, 327 
Resins - 345 

Structural applications - 179, 344 
In space - 337, 345 
Computed tomographic scanning 

Sft' Tomography 
Computer-aided design/Computer-aided 
mMn\>t»ct\>Hn$(CAD/CAM)' 21, 101-102, 
192 

See also Automated manufacturing 

Computer-aided Instruction 
Defense - 340, 347 
Education -396, 651 

Computer applications 
Agriculture - 27, 573 
Airline reservations - 123, 143, 494 
Artificial intelligence - 139-141, 

143, 340-341,356, 455 
Automobiles - 123,440 
Aviation - 123, 143, 430-439 
Banking - 136, 137, 493, 494, 490, 
505 

Bibliographic search systems - 

501-502, 503,514-515 
Cartography - 426 

Climate daU • 23, 25, 26, 27, 207, 358 
Crime control - 607, 608. 610, 612, 

614, 615, 616, 619, 620, 621, 631, 

633,651 

Data base management systems - 130, 
337 

Decisionmaking - 356 

Defense - 131, 337, 330-340, 341, 

347, 351, 356 
Drug testing - 306 
Earth sciences - 7, 425-427 
Earthquake monitoring • 11 
Education - 340, 347, 394-396, 651 
Educational research - 392 
Games - 127, 130, 141, 142,666 
Geogr«phic data - 425-426, 427 
Graphics - 101, 340, 395, 407, 469 
Health care delivery - 518, 651 
Health research - 381 
Home - 137-138, 139, 394 
Hotel reservations - 494 
Inventory control systems - 130, 

493, 494, 498,510 
Job testing - 359 
Libraries -501-502 
Mailing lists - 538 
Manufacturing - 140, 181-182, 192, 

329, 362 
Medical diagnosis - 140, 226, 241, 

340, 407, 651 
Microwave ovens - 123 
Municipal services (general) - 651 
Offices - 123, 137, 143, 494, 

499-500,518,666 

Patent information system - 516 

Payroll systems - 130 

Physics-82, 113, 118-119 

Population analyses - 316 

Postal service - 136, 138, 331, 499 

Problem solving - 356, 517 

Prospecting - 140 

Regulations - 138-139, 143. 493 

Robots - 140-141, 181, 517 

Satellites -24, 27,517 , . 

continued 
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Conpvtor sppUcadoat (eontloued) 
Service sector (general) - 5 It 
Sewing machines - 127, 142 
Social impacU - 143 
Surveillance - 536-537 
Telephones - 1 23 

Toxic substances screening - 330« 381« 

3S4,3«6 
Training - 340 
Translating - 515 

Transportation - 439^, 443, 651, 666 

Typesetting - 130 

Voice computerization - 515 

Word processing - 123, 143, 395 

See also Communications technologies 

See also !t\formation... 

See also Microprocessors 
CoflipiiUr selMtistt - 341 
CoaipKUft-J/-J2. 123-144, 176-177 

Cosu - 339, 394, 493, 501, 511, 538 

Memory - 126, 128, 142, 176-177, 
190, 339, 501 

Obsolescence - 496 

Personal - 137-138, 139, 339, 394, 
493,666 

Reliability - 128, 341 

Sales -51 1 

Software - 129-131, 138, 142, 341, 

346, 356,514-515 
Speed - 128-129, 538 
Storage capacity - 339, 538 
Theory -131-134 
See also Circuitry 
See also Man-machine interface 
See also Microprocessors 
COMSAT - 668 

Cofleeraed Eag)actrs, Center for - 486 
Coaercte 

Highway constnjction - 439, 441 
Qoadesscd matter selenct - 92-96, 1 15 
Coafmaets 

Method for information 
dissemination - 285, 511, 512, 517, 
642,660 
Coageahal heart dtseast - 221 

Coagms 

Air Force planning - 343 
Basic research funding proposal - 
275 

Communic£tions deregulation 

legislation - 498, 499, 505 
Cooperative technology program 

study - 326 
Environmental, health, and safety 

regulations - 594, 598 
House Committee on Science and 

Technology - 395, 659 
Information privacy legislation - 

525, 533, 541,543,546 
National Dau Center opposition - 

525 

Ocean resources debate - 17, 19 

Public opinion of - 484 

Select Comminee on Population of 

the House of Representatives - 199 
Recognition of the role of science 

in foreign policy - 294 
Recombinant DNA guidelines - 74, 487 
Role in Law Enforcement Assistance 

Administration - 629, 630 
Senate Intelligence Committee - 537 
Senate Judiciary Committee - 629 
Technical staff expansion - 487 
Toxic substances protection - 259, 

260 

CoagmsioMl Acts 

Administrative Procedures Act - 487 
Agricultural Act of 1977 - 573 
Airport and Airways Development 

Acl-487 
Bank Secrecy Act - 544 



Civil RighU Act -411, 546 
Clean' Air Act -259, 415 
Clean Water Act- 415 
CUmate Program Act of 1978 • 23, 30, 31 
Coasul Zone Management Act • 487 
CoRununications Act of 1934 • 139, 
499 

Delaney Amendment • 255-256 
Earthquake Hazards Reduction Act of 
1977 - 13 

Elementary and Secondary Education Act 

(ESEA) - 399 
Energy Reorganization Act of 1974 - 

461,487 

Fair Credit Reporting Act (FCRA) - 

525, 526, 541 
Family Educational Rights and 

Pdvacy Act of 1974 (Buckley 

Amendment) - 546 
Federal Grant and Cooperative 

Agreement Act of 1977 - 659 
Financial Institutions Act of 1976 

(not passed) -412 
Financial Privacy Act of 1978 - 

543, 544, 545, 546 
Fishery Management and Conservation 

Act of 1976 - 17 
Foreign Relations Autho'^'^ation Act 

of 1978-294 
Freedom of Information Act of 1974 - 

487,541-542 
G.I. Bill - 272 
Highway Safety Act - 487 
Home Mortgage Disclosure Act of 

1975 -657 
Housing Act of 1975, SecUon 701 - 

413 

Marine Mammal and Endangered Species 
Act - 17 

Mine Safety and Health Ameixlmcnts 

Act of 1977 -418 
National Environmental Protection 

Act (NEPA)' 491 
National Research Act of 1974 - 487 
Occupational Safety and Health Act 

(OSHA)' 259 
Omnibus Crime Control and Safe 

Street Act of 1968 - 541, 627 
Ports/Waterways and Tanker Vessel 

Safety Act - 438 
Privacy Act of 1974 

Freedom of Information Act 

relationship - 541-542 
Passage - 525 
Provisions -541, 544 
Public use - 526-527, 545, 547 
Weaknesses - 526, 528, 542 
Reclamation Act of 1902 - 572 
Resource Conservation and Recovery 

Act of 1976- 186,451 
Science and Technology Policy, Organization 

and Priorities Act of 1976 - 6. 9. 12. IS 
Space Act of 1958-455 
Surface Mining Control and 

ReclamaUon Act of 1977 - 14, 415 
Toxic Substances Control Act - 259 
Trading with the Enemy Act - 504 
Water Pollution Control Act 
314, 447, 417 
CoagrttskMal Resaarcli Service - 4S7 

Coasett Earopeea poor le RacberclM 
Naelealra 

See European Nuclear Research. 
Center for (CERN) 
CoaservaCioa 

See under Energy 

See under Materials 

See under Minerals 
Coasthatioa - 540 

First Amendment - 139, 143, 543 

Fourth Amendment - C39-540 



Fifth Amendment - 546 
Information privacy protections - 
539-540, 541, 546 

CoastmcUoa 

Mines - 420 
PlasUcs - 177 

Productivity of industry - 556 
See also specific structures 
Consultative Groiip on Inveraatloaal 
Agrieattural Rctcarch (CGIAR) - 288*289, 
293 

Consaner coneera 

See Public concern 
Coasaaier Price Index - 327 
Coasumer Product Safety Commltsloa - 379 
Coatiaental shelf - 20. 328 

Exploration - 20. 31,436 

Oil and gas resources - 32, 423, 436 
ContraceptioB 

See Birth control 
Convkted persons - 625, 633-634 

Rehabiliution - 617, 633 
Cooperatives - 316, 577 
Copper 

Future advances - 172, 190 

Imporu • 184, 185 

Manganese nodules - 17 

Mining - 421 

Nuclear waste mftnagemcnt - 161 
Ocean sources - 16 
Power devices - 175 
Prices -i 

Recovery from waste ^ - 421 
Refming- 186, 192 
Shale sources - 15 
Surplus - 184 

Wires for signal transmission - 136 
Copylag machines - 500-501, 511 
Copyrighto - 469, 494, 495-496 

Effect on libraries • 502 
Cornell University 

Accelerator - 112 
Coronary artery disease - 222-223 

See also Cardiovascular diseases 
Coroaary bypass surgery - 222, 406, 585 
Coroaary dlseatei 

See Heart diseases 

See specific diseases 

See also Cardiovascular diseases 
Coroaary-eare units - 222, 658 
Corrosion - 174, 368 

Coal production equipment - 152 

Nuclear reactors - 471 

Pipelines - 442 

PrevenUon - 174, 327, 336, 341, 345, 
355 

Salt water environments 328, 355 

Surface studies - 93 
Cosmetics 

FDA responsibility - 379 

Toxicity assessment - 383 
Cotmle Background Explorer (COBE) • 85 

Cosmology - 81, 82-92, 114-115, 457 
Coet-beneflt analysis 

Agricultural technology - 319 
Breast cancer screening • 603 
Bureaucratic recordkeeping - 532 
Document copying in libraries - 501 
Earthquake-resistant structures - 12 
Environmental, health, and safety 

regulations - 594, 595>596, 599-600 
Fcxxi safrty ard quality issues - 320 
Forest land use - 321, 322 
Health care technologies - 240-241, 

347,406 
HUD*s environmental quality 

policies - 414 
Materials recycling - 186 
Materials regulations - 184 
Pest management - 317 
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90 Coft-btMfft MMlyiti — Dtvttoptn Mtloni 
Co<(-W««m aaalytb (coatl«««d) 

Plant bf«cdijig • 72 

Police respofiie time measures - 617 

Productivity invettmentt - 554, 561 

Space miaaioos - 27-29 

&fe also Risk-ben^t analysis 
Cottiaallag of adotaaetttta • 229 
CoVMllor.. 

See other part qf name 
Owfta • 547. 609. 631, 633 

Cttizet) liUfaUon • 4tt-499 

See also Supreme Court 
Crtdh laronMtkM • 522, 525, 526, 529, 

531, 536,541 
CreoMte - 35t 

Cri«« mkI DaUoquaacy, Caatar for 

RaMtfcli oa (CRCD) • 629 
Oiaia coatfol - 72-74, 607-636, 
650,656 

Causes of crime - 376, 626, 632 
Computer appHcatioos - 607, 60S, 
610, 612, v>i4, 615, 616, 619, 620, 
621,631, 633, 651 
Crime rate measurement - 609, 616, 621 
Defmition of crime - 63 1 -632 
ISETAP task force - 652 
Pclicymakins - 633, 634 
PrevenUon • 607, 615, 617-619, 620, 
621, 625, 629, 632-633 

EfTectiveness - 617, 61S-619, 
620,621 
Research institutes - 627-631, 
634-635 

Funding - 62S, 634, 635 
Simulation models - 351 
Unreported crimes - 617, 626-627 
S^e also Police services 
Criminal Jaitiea Research and Development, 

Task Force on - 626, 630, 634 
Criminals 

See Convicted persons 
Crisis amaagament 

Set Emergencies 
Crop prodnetWhy - 316-318, 424, 464, 567 
' Climate effects -22, 23, 156,314,327 
Extended growing season - 69 
Fertilizer use - 72-73, 250,424, 464 
International research programs - 2B8 
Pollution cffecu - 2, 253, 316 
Crops 

Arid lands - 5 
Cropping systems - 570 

Multiple cropping - 313, 56S, 
573 

Drying -315, 569 

Energy sources - 315 

Spoilage -253, 3 19, 564 

Storage - 567 

Ste also Food 

See also Grain Crops 

See also Plants 
Cryogtaics - 346, 352 
Cryolhe 

Aluminum refming - 188 
Crystalllaa materials - 92 

PhotovotUics - 159, 168 

See also specific materials 
CTtcaaaers 

See Tomography 
Cttharal cvolutioa - 73 
Caharal foctora 

Cancer incidence - 257 

Reading comprehension - 393 
Oirreat Popalatloa Sarvey - 198 
Pybtraetiea 

See Man-machine interface 
QrdaaMCaa - 4$4, 486 
Pycltc adtaylata (CAMP) - 59 
CyaOc flbroela - 42, 401 
Cytogaaatlca-316 
Cytotkaktoa • 
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Dams 

Earthquake vulnerability - 12 
Ecological efTecU - 159, 168 
Fjilure - 353 

Hydroelectric power • 159, 168 
Tidal power . 157 
Dartmouth Coafereaec - 295 
Databases 

Bibliographic - 501, 502, 503, 514-515 
Cartographic - 426 
Hepatitis - 407 

National daU base catalog - 514 
Radiation effects on health - 452 
Toxic substances • 446 

Data eneryptloa ■ 136-137, 338-339, 357, 
503. 

Data processing 

See Computer applications 
See Ii\formation ... 
DATAPAC - 135 
Dawsonlte 

Mming - 421 

Source of aluminum ore • 15 
Daycare - 209 
DDE (pesticide) 

Cause of liver tumors - 257 
DDT ■ 256-257 

Ecosystems effects - 258 
Humans - 256-257 
Public attitude pott - 489 
Water supply - 254 
Decisionmaking - 485 ' 
Criminal justice - 634 
Defense -334, 340-341.356 
Nuclear waste depositories • 472-473 
Police services - 607-608, 613-6S4, 

615 616, 619-620 
See also Artificial intelligence 
See also Cost-benrftt analysis 
See also Public participation 
See also Risk assessment and 
n'sk-ben^t analysis 
Deep Sea Drilling Project - 10, 31, 

435-436 
Deep Space Network - 459 
Deep Underwater Muoa and Neutrino 
Detector (DUMAND) - 89 
Defense - ¥^^7» 333-359 

Communications ■ 334, 338-339, 
349-350 

Computer applications - 131, 337, 

338-340, 341,347, 351, 356 
Cost concerns - 341 
Crisis management - 334 
Decisionmaking - 334, 340-341, 356 
Energy concerns - 334-335, 336-337, 

34' 345, 350 
Environmental concerns - 346, 358 
Health programs and concerns - 347, 

351-353, 357-358 
International research cooperation • 
289 

Manpower - 334, 340, 347, 358-359 
Materials concerns - 335, 337, 345, 
350, 355 

Space concerns - 333-334, 337-338, 
344 

Wammg systems - 334, 340 
Weapon systems - 429 

Aircraft • 333, 335-336 
Conventional munitions - 346 
Detection equipment . 333, 356 
Developing nations • 429 
Failure prediction - 335 
Innovation - 343 
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Lasers -334, 337, 346 
Missiles - 334, 335-336, 

339, 344, 345, 346 
Nonconventional weapons - 
346 

Nuclear - 338, 341, 344, 346, 429 
Space - 334 
See also specific topics 
Defease Advaneed Research Projectt 
Ageaey (DARPA) - 44-45, 333-341 
Defease, Department o((DOD) ■ 44-47, 
333-359 

Drilling programs - 10 
Joint programs with NASA - 456, 
461 

Privacy Act requesU - 526 
Research budget - 275 
Deforestation 

See Depletion under Forests 
Degenerative diseases - 405 

See also specific diseases 
Delaney Amendment - 255-256 
Delaware 

Wilmington crime control 
experiment - 618 
Demography - 197-216 

DaU collection problems - 198-199 
Determinants - 197-198 
Effects on education - 397, 435 
Federal programs - 199 
Housing data - 414 
Methods - 197 
Projections -213-214 
Sources of information - 198 
Uses - 198 

See also specific demographic 
variables 

DEN DRAL (instructional system) 340 
Dentistry 

Fluoridation - 239-240, 588, 590 
Implants - 406 
Military - 353 
Deoxyribonucleic acid 

See DNA 
Department of ... 

See under other part of name 
Depression - 230, 231, 232 
Air pollution cause - 446 
Drug addicts - 373, 375 
Elderly - 234-235, 377 
Women - 377 
Desalination of sea water - 431 

DesertincaUon - 293-294, 466 
Deserts -431 

Detectives - 612. 613, 615, 618, 619-620 
Deuterium - 157 

Developing nations - 5 

Agricultural research - 288 
Biological research - 290 
Birth control - 287 
Cooperative research agreements - 
296-297 

Economic development - 188, 295, 

297, 434 
Energy development - 431 
Energy needs • 150, 151 
Environmental concerns - 431, 433 
Foreign trade - 292 
Forest reserves >431 
Health and medicine • 435 
Information technology - 435 
Materials resources and 

processing - 188 
Military capability - 429 
Natural hazards mitigation • 433 
Research skills development - 

289-290, 293 
Sanitation - 588 
Satellite data uses - 28 
Technological self-reliance - 292 
other page numbers continued 
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Technology inuufcr - Iti, 2f2, 

2»4-»5, 425, 434 
Voting in intenutUonal 

orgftniutjons - 291 
Water rcsourcci - 431 
Set also under intemutional 

mecreh eooptraUon 
DtVflopMtMal Mt^ldM • 405 
Dlabtttt 

Autoimmune mechanisms - 52, 53, 

4«5 

Burden of illness • 242 

Genetic causes - 42, 401 

Glucose monitoring devices - 504 

Morbidity • 403 

MoruUty rates - 219-220 

Special research centers - 404 

Viral causes - 502 

Stt also Insulin 
DIabetft RMeareh aad Trtlalag 

Cettttn>404 
DiagMOillc proetdttrrs (health) 

Ovenise - 503 

Set also specific procedures 
DIALOG (scjtware system) - 51 1 
Dianoadt 

Power devices - 175 
DibeatoAirus - 305 
1 ,2-^lbro«M>-3 -chloropropaae 

Cause of sterility - 255 
23-4ibroMopfopylphoeplMte (TRIS) 

Regulations - 255 
Dkltetrie MMtoriais - 175 

See also specific materials 
Diatel •■giatt 

See under Engines 

Diet 

See /Nutrition 
DiftsUvt dtaeam - 403, 404 

See also Gastrointestinal 
diseases 

Digital eoMnaaieatloas - 135, 338 
425-42^ 539 

See also specific topics 
Dioila (TCDD) 

Cause of explosions - 257 
Toxicity - 253, 257, 596 
Dioxtas - 305 
Diphtheria - 47, 219 
DiaarvaaicBt atoaltoriag - 517 
Diaaiters 

See Natural hazards 
DIaeaae Coatr>I, Ceater for (CDC) - 

405,669 
Diseases 

See specific diseases 
See also Health and medicine 
DIseriailaatioo 

Lending institutions - 412 
National efTorts against - 277 
See also Racial factors 
District ofColanbia 

Population migration - 202 
Crime infonnation system - 631 
Dhireties 

Blood pressure control - 222 
Divorce - 190, 205, 209 
DNA (deoxyribonucleic acid) 
Anubody synthesis - 39 
Discovery - 36, 38 
Duplication - 30, 40, 45 
Evolutionary stiidies - 73 
MobiUty- 10^41 
MuUtior. 39, 41,45 
Protein synthesis - 30, 39, 42 
Recombinant DNA methodology - < 28-29, 
39,75, 385,403 

Agricuhural research * 43, 69, 

79,317, 315, 403 
Cancer research > 305, 401 
Drug ceitification - 305 



Enzyme synthesis • 43 
FDA regulations - 305 
Health research - 305, 401 
Hormone synthesis - 43, 75, 

305, 300, 403, 505 
Interferon production - 43, 

53, 76, 357 
International research 

programs • 206 
National Institutes of Heilth 

guidelines - 29, 39, 74. 385, 

403,400.409,491 
Advisory Committee ■ 400 
Congressional hearings - 74. 
407 

Research facilities siting - 
406 

Risks • 39, 74, 357, 403 
Public concern - 403, 484, 
405, 409, 491 

Tissue culture - 357 
Vaccine production - 357 

Rccr-*bi nation - 40 

Structu.e - 38, 39, 40, 
47, 75 

Transfer of information - 36 

Viruses - 41 

See also Cell biology 

See also (Jenetics 

See also RNA 
Doctors 

See Health care personnel 
Domestic Policy Review 

Industrial innovation - 2, 5, 
325-326 

Solar energy - 362 
Dopamtoe - 59, 231 

Parkinsonism - 60, 64, 234 

Schizophrenia - 231, 232 
Dowa's syadronc - 61, 587 

Drilllag programs - 10, 31, 435-436 

Geothermai resources - 18 

Minerals exploration - 20, 468 
Driaktag waUr 

See under Water supply 
Drought - 433 

Europe - 314 

International research programs ■ 

293-294 
USSR - 20 
Drug abuse - 373-376 

Behavioral factors - 373, 465 
Brain study - 63, 78 
In the military - 353 
Police activities - 612, 613, 614, 
620, 621 

Psychopharmacological agents - 232 
Sec also Alcoholism and alcohol 
abuse 

See also specific drugs 
Drugs 

Adverse efTects - 232, 235, 582, 585 
Atcohot-dnig interactions - 3V2 
Bioequivalence - 388 
Elderly usage - 234, 235 
Failure to take medication - 223, 
234 

FDA responsibility - 379 
Generics - 388 

Genetic production - 37, 43, 53, 

75, 76, 357, 385, 388, 403 
Hydrocarbon sourcrs - 430 
Importance in medical care ■ 

581-582 
Placebo efToct - 381 
Reflations . 385-386 
Resisunce • 44, 319 
Safci^ testing - 379-381, 384-386, 
See also Food and Drug Administration 
See also specif c drugs 
Draft, Bureau of - 380, 382, 385 
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Dast 

Agriculture -313 
Air pollution - 446 
Effect on solar energy - 19 
Mining -416, 417, 410 
Thermal emission in space - 90 
DysvaKular lower extremities - 475 



E.C0II 

Genetic mechanisms - 38 
Earth sciences - 7-34 

International research programs - 

10, 33, 2S5 
Lead time for technology 

development - 29-30 
Monitoring from space < 25-26 
Multidisciplinary approaches - 
28-29 

Technology sharing < 30 
See also specific topics 
Earthquake Hazards Reduction Act of 

1977 - 13 
Earthquakes - 10-13 
Causes - 8, 10-11 
Earthquake- resistant structures - 
10,11-12 

Cost-benefit analysis - 12 
Hazards - 11-13,425,433. 671 
International research 

cooperation - 33 
Monitoring - 1 1 

Prediction - 34, 10, 11, 12-13, 31, 
425 

Long-range planning - 13 
Plate tectonics models - 8, 

9,28 
Satellite - 25 
Preparedness - 12-13, 31 
Risk-benefit analysis - 
12-13 
Eavesdropping 

See Wiretapping and eavesdropping 
Ebola fever -351 
Ecological damage 
Dams - 159, 168 
Energy development - 366 
Mining - 416 
Research projects - 466 
Toxic substances - 258 
Economic Advlson, Council of - 560 
Economic Cooperation and Development, 

Organization for - 435, 436 
Economic crimes ■ 632 
Economic development 
Cities - 409, 654. 655 
Developing nations - 188. 295, 

297,434 
ISETAP task force - 652 
Economic Development Administration - 

644, 670 
Economic warfare - 334 
Economies 

Agriculture -315, 564, 565 
Burden of illness - 220. 242 
Consumer demand affected by 
population age structure - 213, 
215 

Effectofearthquske prediction • 13 
Effect on mineral development - 16 
Effect on science trends - 30, 31 
Housing - 414 

Natural resource supplies - 465-466 
Relation to energy use - 147-148, 
162, 165-166, 169 

See also Socioeconomic factors 
other page numbers 
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317. 323,444 

iMtCfMlioMt research proiraim • 
214 

Touc MbitMMes - 249 
WMcnlmk-44t 

501391-399.447 
CofiMlave idcQcc - 43<44. 71. 

mm 

Ctrnmrnirtiinm tcchoolofies > 331, 

394>394»4S 1.447 
Owy M k r 'aidw! imtniction • 344, 

I47.394»45l 
CoayUff ipptkations - 6, 394^394, 

4Si«447 
CootiaMiae-44t 
CHkml facton - 393 
Dcmogn^ dTccU on - 397 
EaiiMtring > it2. 274, 271, 272, 

274.291 
Farmen - 572 
Job oppoftuiiito - 249 
Medical -44« 

ProductWiCy measurement - 557 
hiblac retard for educaton - 444 
Orianizatkmal science * 394-399 
Sdiool sytteo>* - 394>399 

EaroibiwiiC- 194.249-210, 
211. 447 
Ikieacc- 443-444. 514-519 
Tednoioiical bmovations - 450, 451 
Testiiit-393. 395, 3H 
Set a/so Gmduate schools 
Set aUo Training 
See aho VnivtrsUits and colleges 



Womes and Mocttafc Credit 

prpfect-4ii 
NaUonai Hifb Blood IVessure 

Educalioa Procnun - 223, 444 

EFT 

Sat Electronic Juiub transfer 
EKGt -543 

nailiMirlr ■itirtr'- Tt' 
EMafly-29 

Air poUutkn susceptibility - 254 
Akx)lK)lism-37l 
Dnif abuse - 374 
Dnif treatment - 234 
Heahb care expenditures - 233 
Health services - 233, 235, 590, 
447 

Heakh status * 233. 377, 445, 
475-474»594 

Hottschold stnicture - 205, 235 
HousMg-4t4.47l 
Immuaoloiicai studies - 233-234, 
244 

Labor force - rj45, 244 
MentiJ disorders - 234. 244, 377, 
445 

Dcprcssioii - 234*235, 377 
Mortality rates - 244 
Pain research * 374 
Population statistics - 244-242. 

213. 233.445 
Sleep/wake mechanisms - 235 
Social cflecto on - 235 
Sodal senrioes - 212 
Special Bcedi . 445-444, 471 
TraaepoitaiioQ - 442. 474 
SeeaisoAimg 
Dwiih ^tmm Rcaaorch tnttkau 

I tyitiw - 334, 440 



Basic research -497 

- 352, 353 



Automobiles- 147. 143.444 



Agricultural use - 544, 544 

Emciency - 343, 344 

Energy reliance on • 145, 149, 150, 
157. 143, 144, 145, 449 

Mass transport - 143 

Railroads -441, 442 

See also Photovoltoies 
Ekctro*optlcal scanalag devices • 24 
ElectroaMf netle laterfereaee - 330, 350 
Deetromafaetle mlae locators - 420 
BeetroaMfnetk radiation 

See Radiation 

See specific types of radiation 
Bectroa beams - 93, 125, 176, 341 
Beetroa dlffraettoB - 386 
Beetroa mieroseopy - 343 

Biology - 35, 43, 54, 57 

Matter study -92. 100, 183 

Meuls study - 172. 174-175 
Bectroa spin resonance (ESR) - 385, 
384 

Bectroa paramagnetic resonance (EPR) - 97 

Bectroalc displays - 176 

Bectroalc f^ads transfer (EfD - 17, 22, 

134, 137, 493, 494, 498, 499, 505 
Bectroalc message systems - 493, 

494, 498-499, 500, 502, 5U 
Bectronlc tnnsmlsslon of the mall 

(ETM)' 17, 22, 136, W 31, 499, 500 
Bectroalc warfare (EW) - 
Bectroales-JMJ. 346,665 

InL;mationaI research programs - 293 
See also specific topics 
Bemeatary and Secondary Education 

Act (ESEA) - 399 
Emergeactcs - 670-671 

Toxic substances - 389, 444 
Defense - 334 
Pipeline ruptures - 443 
See also Natural hazards 
Emergency care 
Combat - 352 
Mining - 420 
Mobile units • 658 
Emergency medical tccbwiclans (EMTs) - 

658 
Emotions 

See under Behavior 
Empbytema - 404 
Employment - 205-209, 666, 668 

Agriculture - 564, 565, 567-568, 574, 

576-577 
Academia-271, 272, 279 
Age structure - 202, 206, 207, 

213,215,669 
Baby boom efTecU - 206, 209, 215 
r torate recipients - 271, 272 

.Jtior. '^I^.tionship - 205 
X .ly - 205, 206 
I lentary and secondary schools - 
/9 

Fvrtil*.ly rate relationship - 210 
ForecasUng - 20S-209, 215 
Geographic factors - 208 
Government jots - 6, 4 II 
industry - Iv4 
Job attitudes • 558 
Job testing • 359 

Materials processing industries - 22, 
184 

Military -358-359 
Mining - 419 

Kf inorities - 206, 207, 208, 41 1 
Population shift relationship - 212 
Professional vs. unskilled - 206, 

666.668 
Retirement - 205, 206 
Scientisu- 6.271, 292 
Teenagers - 204, 209 
Unemployment - 205, 206-208, 

664 



Compensation - 559, 44? 
Quality of life indicator - 464 
Women - 205, 204, 207, 208, 

209,411 
Scf also Productivity 
Eacepballtls - 384 
Encryption - 134-137, 338-339, 503 
Encyclopnedla Britaaalen - 395 
Endangered speeiot - 380 
Endoerlaologgr 

See Hormones 
Endorphins - 63, 77, 374 
Energy 15-19, 47-48, 145.170, 
361-369, 423-424, 430-431, 669 
Agricultural sources 

See Bio mass utilization 
Agriculture use - 564-565, 567, 

56(-57l,575, 576 
Basic research programs - 368-369 
Cogeneration - 149, 163 
ConscrvaUon- 16-17, 147-149, 

162. 165-166, 169,361 
Agriculture - 315, 321 

569-571,575 
Aviation - 162, 461 
Cities - I4M50, 669 
Engines - 336 

Homes • 147, 149, 162. 165 
Industry - 147. 162, 165 
Regulations- /6. 147,148,149,162. 

165-166 
Transportation - 147, 149, 162, 

44C-442. 443 
Waste recycling - 149, 165 
Consumption - 16, 145, 147-148 

Population density relationship - 
212-213,215 
Costs - 145-146, 147. 148 
Defense concerns - 334-S35, 336-337, 

344-345, 350 
Demand - 148 

Economic issues- 147, 162, 165-166, 
169 

Electricity reliance - 145, 149, 150, 157, 

163, 164, 165,669 
Environmental concerns - 17-18, 155-156, 

t63, 167, 366-368, 425, 430-431, 

445, 449-450 
Government stimuli - 146, 151, 158 
Health concerns - 155-156, 167, 

367- 368, 588 

International research programs - 285, 

289,291,296,431 
ISETAPusk force -652 
Materials industry - 180, 186, 192 
Overview of alternatives - 16, 145-147, 

164-1^^326, 361,449, 669 
Policy -22, 151,576.669 
Politics - 146, 165 

Transportation of fuels - 35, 326, 438 
Transportation use - 148, 149, 437 
See also specific forms of energy 
Energy cyc2t - 19 

Energy, Department ot(DOC) - J 6, 47-48, 
361-369 

Applicaucn for nuclear waste 

depository - 472 
Basic Energy Sciences Program - 368 
Coal liquefaction facility - 153 
Drilling programs - 10 
Farm-based alcohol plant interest - 
570 

High Energy Physics Program - 

368- 369 

ISETAP interactions - 65J 

Joint programs with Ail Force - 346 

Joint programs with Department of 

Transportation - 2S, 442 
Joint programs with National 

Aeronautics and Space 

Administration - 461 

continued 
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Eneriy. Department of (contlDucd) 
Joint programs with Nuclear 

RctuUtory Commtuion • 474 
Nuclear Physics Program • 368-369 
Research budget • 275 
Solar energy cost projections < 569 
Toxic substances research • 260 
Energy dUpersive X-r^y analysis (EDXA) • 
386 

Enerxy farms - 150. 159. 168 
Energy Reorganization Aet of 1974 < 46l. 
487 

Engineering 

See specific topics 
Engineers 

Education ■ 182. 270. 271. 272. 
274. 291 

Ernploymcni • 27 1 

Institutions • 286 
Engines • 350. 44 1 

Diesel - 368 

Agriculture • 564. 568 
Cars . 441. 445. 450 
Emissions - 368. 419. 441. 445. 450 
Fuel economy • 445. 568 
Lighi*duty vehicles • 367 
Mining .419 

Electric . 176 

Flywheel energy storage systems 

(FESS) • 442 
Lubricants • 336. 345 
Rotar>- . 336 

Turbine ■ 336. 345. 442. 461 
Alloys . 172. 190 
Bearinp • 336 
Ceramics • 178. 191. 336 
Corrosion-resistant materials • 
174. 336 
Turbofar. - 336 
Enkephalins • 374. 381. 384 
Environmenul eoneerns ■ S7-SS. 430. 
445-453. 593*606 

Agriculture • 313-315. 317. 323. 324 
Defense - 346. 358 

Energ>- production - 17- IS. 155-156. 163. 
167. 366-368. 425. 430-431. 445. 
449-450 

Global problems - 433. 452-453. 466 
Housing and urban development • 
414 

International research programs - 285. 

286u 289. 291. 296. 433. 452-453 
ISETAP task force - 652 
Mining - 16. 416. 425 
Recreation - 324 
kt^ Haiions - 313. 317. 445-453. 

593-606 

Cost'bcnefti analysis - 594. 595-596. 
599-600 
Toxic substances - 249-265 
See also specific topics 
Environmental factors 
Behavtor - 60 

Health . SO. 43. 239-240. 244. 250. 
257-258. 581. 588-589. 593-605 
See also under specific diseases 
Human growth and development - 405 
Environmental, health, and safety regulations 
(EHS)- 71.72. 593-600 
See also specific topics 
Environmental impact assessments - 32 
Aircraft - 347 
Industry . 448 
Mining . 16. 416 

Publication and disseminnilon • 487 
Environmental monitoring space) 

Sec Satellites 
Environmental pollution 

See PoUuiion 

See specific pollutants 

Sec specific types af pollution 



Environmenul Protection Agency ■ $7- $8. 
259. 260. 445-453. 518. 598 

Cost estimates of regulation • 599 
Creosote ban • 358 
Forecasting future problenu • 260 
ISETAP interactions • 653 
Joint programs with Bureau of 

Mines - 417 
Joint programs wiih Pood and Drug 

Administration • 379. 382 
Passive role in reculaiion . 598 
Pesticide testing proposals • 258 
Recombinant DNA actions • 403 
States and Areas Water Quality 
Management Planning ^^03^ 
program < 644 
Water treatment proposals . 255 
Environmenul Qtaallty. Council 

on (CEQ) • 596. 598. 599 
EnvlronmcnUllsts - 588. 594 
Enzymes 

Protein synthesis - 38. 42 
Recombinant DNA technology - 39 
Replacement therapy - 402 
Structure - 36 

Synthesis using DNA - 43. 75 
Enzyme-linked Immunosorbent assay - 386 
Epidemiology . SO, 402« 586. 590.591. 
602-603 

Aging . 405 

Alcoholism - 372 

Cancer - 226. 228. 243. 250. 

257-258 
Cardiovascular diseases - 223 
Drug abuse - 375. 376 
Mental disorders - 377 
Neurotoxicity - 382 
Radiation effects - 330. 357. 452. 

473-474 
Smoking and health - 228. 602 
Toxic substances effects - -f. 250. 
357. 446. 603 
Epilepsy - 61. 78. 582 
Epitaxy - 94-95 

Equal Employment Opportunity Commission 

(EROC) • 667 
Erosion control 

Agriculture - 315 

Aircraft materials - 336. 344. 345 

Gun lubes - 350 

Mining - 418 
Estrogen • 47 
Ethanol 

Plant sources - 570 
Ethical considerations 

Criminal punishment - 633 

Fetal research . 484.485 

Health and medical technologies . 
.;/. 485. 4S8 

Human cxperimenialion . 320. 372. 379. 
488. 601 

Toxic subsLinccs control • 259.260. 
262 
Ethylene 

Production . 252 
U«cs . 251. 253 

ETM 

See Electronic transmission of the 
mail 

EURONET . 135 
Europe 

Climate.moniionng ^.iiellite^ 26 
Drought .314 

{-duciiion v« research in^tituie^ • 
269 

F.lectronic products production . 
493 

Foreign trade • 188. 435 
Life expcct.incy - 218 
Nonioni7ing radiation M.nndard^ • 
452 
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Physics research - 1 15 
Privacy cootrob - 547 
Science artd technology expansion • 

291. 292 
Science cooperation < 2S9 
Scientist exchange pcogranu • 2S< 

291 

Transportation - 163. 444 

S« also specific countries 

See abo specific orianizations 
European Nnekar Rescarck. Center for 

(CERN) - 112, 117. 290 
Eutropkleation - 433 
Evoltttiott 

Mutations - 4<M1 

Unity and diversity - 73-74 
Exeliange programs - 2S4. 291-292 
Exercise 

See Physical fitness 
ExpcHmcatal HoAsUg Allowance rrogram 

(EHAP)^ 412-413 
Exports 

See Foreign trade 
Exxon Donor SoKcat^^'D5; process . 153 
Eyes 

See Vision 
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Facsimile trassmlsslon < 49^. 501 
Faculty 

See under Graduate sc hoots 
See under Universities and 
colleges 

Fair Credit Reporting Act (FCRA) • 525. 
526. 541 

Family Edncatioaal Rigkts ajid Privacy 

Act of 1974 (Buckley Amendment) . 546 
Family ptanniag 

See Birth control 
Family straetarc 

Crime relationship • 632 
Drug abuse relationship . 376 
Earnings - 206 
Elderly . 235 

Mental illtiess relationship . 377. 589 
Trends - 197. 204-205. 213-214. 
215. 656 
Farmiog 

See Agriculture 
Federal asslsUnce 

Housing - 412-413 
Natural disasters - 667. 670.^71 
Federal Btirean of Investlgattoa (FBI) - 
530. 609 

Federal Comma nicatioas CommisskMi ■ 

(rCC) 139. 143. 497.516 
Federal Deposit Insnranee Corporatloa - 

(FDIQ 667 
Federal Emergency Maugcmcat Ageacy 

(FEMA) - 670 
Federal Eoergy AdmlatstraCloa (FEA) - 4S8 
Federal funding 

See Government support 
Federal Grant and Cooperative Agrecmeat 

Act of 1977 . 659 
Federal laboratories - 512 
Role - M3 

See also specific laboratories 
Federal Register - 487. 527. 561 
Federal regulations 

See Regulations 

See Regulations under specific topics 
Federal support 

See Government support 
Federal Trade Commission (FTQ -516 
Feedstocks - 345. 443. 451 
other page numbers 
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Source of tluminum ore • 15 
FmiaIm 

See tVomen 
Fcml NatloiuJ Lftboralory • 1 1 2 
Fcrrtiloziii • 6S. 69. 99 
Ferrous 

See Iron 
Fertility (human) 

ProjectiofU .210.213. 214 

Reie«rch • 405 

Trends • 199-200 

See also Birthrates 
Fertilizers 

Cooscrvttion * 56S 

Energy e(ricicncy • 564. 569 

Food production dependence - 250. 
424. 565 

Labor substitute • >64. 565. 567 

Needs antlysis - 313. 568 

Petroleum shorta|e effects • 3. 21. 430 

Fltni sources * 315 

Pollution • 21 . 317 

Price . 2. 565. 569 

Production . 6S. 315. 430. 564. 565 
Fetal Aleobol Syndrome (FAS) -372 
Fetal rtseareb • 405 

Public concern • 483. 484-(85. 488 
Flbcr*optic sndotcope • 226 
Fiber optics 

See Fibers under Optical materials 
FIUHmU • 287 
Finance 

Education of women aboui -411 
Housing. 41 1-413 
Innovations in lending > 412 
See also Public finance 
Final reports • 660 

Financial Instltntlont Aet of 1976 (not 

passed)' 412 
Financial Privaey Act of 1978 • 543. 

544. 545. 546 
FlagerprittU - 615 

Finland bypcrtensloa program • 224*225 
Fire AdainUtratloD • 671 
Fires and fire control • 650 

Aircraft - 345 

Cities 

Inrovations . 651. 657*658. 671 
Volunteer companies • 655>656 

Earthquake>causcd Hres • 12, 13 

Fire and flame* resistant fabrics * 
255. 353 

Fire retardants • 177 

Foresu - 24. 27. 323 

iSETAPttsk force • 652 

Losses - 329. 353 

Mining • 419 

Pipelines . 443 

Standards, codes, and regulations • 

329 
Tankers - 438 
Flseber*Tropseb process -153 

Flabery Management and Conservation Act 
of 1976 - 17 

Flabery rcM>arccs • 1 7 

Acid rain effects - 21. 156. 258 
Environmental projection • 32. 324. 
450 

Management • 17.29 31-32. 323. 358. 

432. 434 
Organoleptic evaluation > 385. 388 
Protein sources • 434 
Seafood production • 328<329 
Toxic substances • 253. 256. 258. 

329. 385 
Vs. energy development • 19 
See also Marine organisms 
Rasiott 

See under Nuclear energy 



Five Colleges Radio Astronomy 

Observatory - 91 
Flood pUU studies • 427 
Floods • 433 

Earthquake -induced - 12 

Monitoring from space • 24 

Prediction . 328 
Florida 

National Hurricane Center • 670 
Phosphate mining • 421 
Population migration • 202. 203. 
204 

School enrollment • 21 1 
Fluorescent Ilgbu - 175. 387 
FluoridaUott • 239-240. 588. 590 
Fluorescence techniques - 385 
Fluorides • 449 
Fluorine imports • 185 
Fluorocarbotts - 453 

Flywheel energy storage systems (FESS) • 

442 
Food 

Additives • 255-256. 320. 386 
Consumer preferences - 564 
Contaminants - 252-253. 261. 320. 385. 
388 

Anatoxin - 255 

Human pathogens in fish - 329 

Mercury • 256. 258 

PBBs - 257 

Pesticides - 72 
Cooperatives - 577 
Costs - 319. 564. 567. 576 
Habits - 320 
Industry - 315-316. 320 

Employment • 564 

Regulations . 315. 316. 320 
International research programs - 
285. 288, 289. 290. 291. 296 
Irradiation • 2S8. 388 
Labeling • 388 
Losses • 319. 564 
Packaging . 388 
Policy - 23. 32 
Preservatives - 256 
Processing . 313-314. 319 
Production - 328-329. 433-434 

Climate effects - 314 

Water necessity • 314 
Safety- 320. 379. 385. 388 
Supermarkets • 320 
Supply . 433-434 

Climate impacts • ^0. 22, 23. 
32. 314. 327 

Forecasting - 316 
See also Agriculture 
See also Crop . 
See also Nutrition 
See also specific types of food 
Food and Agriculture Organization (FAO) - 
436 

Food and Drug Administration (FDA) • 
373. 379-389. 667 

Commissioner of Food and Drugs • 
259 

Consumer representatives « 488 
National Toxicology Program • 405 
Passive role in regulation • 598 
Recombinant DNA regulations • 403 
Side effects of regulation • 590 
Food chain 

Chemicals • 252-253. 257. 261 
Food for Health - 404 
Foods. Bureau of. 382 
Ford Foundation • 288 
Foreign policy - 5^-5<5. 429-436. 466 

Science and technology role - 294 
Foreign Relations Authorization Aet of 

1978 ' 294 
Foreign students 

See under Graduate schools 



Foreign trade • 435 

Agricultural • 424.435. 564. 573-574. 

577 

Developing nations • 292 
Foreign competition for markets • 292. 
435 

Fossil fuel imporu • 16. 151 

Materials imports - 184. 185. 327. 

Mineral imporu • 16. 420 

Technology exporu • 435 
Forensic scientists • 633 
Forest Service - 489 
Forests • 320-324 

Acid rain damage - 21. 156 

Biomass utilization • 150. 159. 315 

Depletion - 431 

Fires - 24. 27. 323 

Land use • 314. 320-321 

Management . 321-324 

Monitoring from space - 24. 27. 426 

Protection - 322*323 

Recreation and enMronmcntal 
enhancement - 324 

Silviculture - 159 

Wood supply . 321-322 
Fossil fuels - 363 

Agricultural use ■ 564. 568. 569. 575. 576 

Chemical structure studies > 363 

Combustion effects - 155-156. 162. 
163 

See also Greenhouse effect 

Exploration - l^ 

Extraction • 16 

Formation • 464 

Solid wastes - 451 

Supply and demand • 16, 1 69. 
363. 570. 669 

Agricultural dependence • 2 
Effect on building designs • 
665 

See also specifie fuels 
France 

Breeder reactor programs > 160 

Institute Laue-Langevin > 115 

Ocean mineral exploration - 16 

TRANSPAC - 135 
Freedom of information - 435. 487. 541-542 
Freedom of Information Aet of 1974 - 487. 

541-542 
Freight transportation • 437 
Friends of the Earth • 486 
Frost resistance (plants) - 72 
Fuels 

See specific fuels 
Fusion 

See under Nuclear energy 



G 



■ 382 



G.I. Bill • 272 
Gadolinium Iron garnet 

Computer memories • 176. 190 
Gallic acid 

Effect on immune system • 
Gallium arsenide 

Circuitry • 1 26 

Power dcMCes • 175 

Solar cells . 158. 175 
Gallium sources • 1 5 
Gamma ray astronomy • 88<89 
Gamma Ray Observatory (GRO) • 
Gamma rays 

In space • 86. 87. 88. 89 

Instruments • 92. 106. I 15 
Gangs - 632 
Garnet 

Computer memories > 126. 176. 190 
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Gasohol — Gypsy raoth 95 



Gas 

See Natural gas 
Gasohol • 350. 443. 570 
Gm^Uoc 

Agricultural U5c • 5^ 

Rural area coiuumpiion '213 

Shortage ctTccls 

Automobile use • 666 
Recreation • 667 

Sec also Oil 
Gasoline stations 

Earthqualcc vulnerability • 12 
Gastrointestinal diseases 

Cancer - 226. 257 

Mortality raics - 219 

Nutritional treatment • 406 
Geoc therapy - 43. 76 
General Electrle Company • 497 
Generic drugs - 388 
Genes 

See DM 
Genetic defects • 587 
Genetic factors 

Aging . 233. 377 

Alcoholism -371. 476 

Behavior • 60>61 

Cancer - 41. 43. 46. 48. 225. 243. 

257. 401 
Cardiovascular disorders • 222. 

224 
Crime . 632 
Cystic fibrosis - 401 
Diabetes • 401 

D'scase (general) • 42-43. 235-236. 

244. 402. 587 
Mental health - 377 
Nervous system disorders - 78. 465 
Genetle serceolng - 483. 587 
Genetics ■ 28-29. 36-43. 50. 74. 75-76 

Agriculture - 37. 43. 70. 316-317. 318. 
385 

Aquaculturc - 329 
Cancer research • 45. 401 
Chemical production - 3 
Drug certiflca'.ion - 385 
Drug effec'.s - 376 

Drug production - 37. 43. 53. 75. 76. 

351. 357. 385. 388. 403. 585 
Emergence of field - 35. 36 
Energy production - 355. 357. 362 
Enzyme synthesis - 43 
Evolution - 73 

Food production - 355. 357. 385. 
403 

Forestry 321 

Gene therapy - 43. 76. 585. 587 
Health research - 75-76. 401 
Hormone synthesis - 43 
international research programs - 
286 

Livestock management - 318 
Malpractice potential • 488 
Pest management - 576 
Plant breeding - 43. 65. 68-69. 71. 

317. 464.576 
Pollution control - 357 
Radiation hazards study - 452 
Regulations - 489 

Risk assessment - 39. 74. 351. 357. 

385. 403. 587 
Solar energy - 43 
Vaccine development - 351. 357 
Waste management - 357 
Sec also Cell biology 
See also DNA 
See also RNA 

Geochemleal Sections Program (CEOSLCS) - 
18 

Geoehcmlstry . 15. 466. 468 
Gcodynamie Satellite -3 • 25 



Geograpble factors 

Cancer incidence • 225. 226. 250. 
254 

Employment status • 207 
Unemployment • 208 

Health care access • 236 

Life expectancy • 201 

See also Population migration 
Geological Survey - 24. SJ-S4. 423-427 

Drilling programs • 10 

Functions - 14 
Geology 

International research programs - 
10. 33. 285 

See also specific topics 
Geophysics - 463 
Geos -426. 459 

f^o synchronous satellites - 24. 28 
Geothermal energy -16. 18, 145. 150. 156. 
Ib7. 361. 362-363. 423 

Agricultural use • 362 

Environmental concerns - 368. 425. 450 

Satellite exploration - 17. 25 
German measles 

Congenital hean disease cause - 221 

Vaccines - 51 
Germanium 

Amorphous - 95 
Circuitry . 124 

Nicbium-germanium wire - 175 
Germany 

See West Germany 
Geysers - 363 
Glass - 92 

Composites - 337 

Fiber optics - 176 

Metallic 93. 173-174. 467 
Globjil Atmospheric Research Program 

(CARP) - 5. 25. 285. 287 
Global observation 

See Satellite: 
Global Weather Experiment - 25. 29. 287 
Glomar Challenger ('rfn//j/iro^ - 10. 16. 

17.436 
Glomenilonephrltif - 52 
Glucose 

Neuron utilization - 57 

Photosynthesis - 65. 66 

GNP 

See Cross National Product (CNP) 
Gold imports - 185 
Golden Fleece Award - 659 
Gonorrhea vaccine - 239 
Government corruption - 632 
Government regulations 

See Regulations 

See Regulations under specific topics 
Government support 

Computer technology 395. 396. 

502-503 
Graduate students - 272-273 
Health research - 40!-402. 407. 408 
Libraries - 503 

Research and development -6. 9-11. 269- 

270. 273-277. 326. 496. 559. 560 
Expenditures - 10. 274-275 
Science and technology in Mate anu local 

government - 639-655 
Graduate schools - 269-281 

Academic jobs 271. 272. 279 
Doctoral degrees awarded - 

270-271. 272. 273 

274. 278-279. 291 
Engineering - 270. 271. 272. 274. 

291 

Er.rollmenl - 210. 270-272. 273 
Minorities - 273. 274. 279 
Women - 273. 279 

Faculty - 27';. 279. 284 

Financial support - 272-273. 
273-278. 279 



Federal support • 269. 270. 
272-273. 273-277 
Foreign exchange programs - 284. 

291-292 
Foreign students - 271. 278. 29l 
Link to basic research - 269-281 
Mathematics > 271 
Postdoctoral research appointments • 

270. 291. 408 
Science study - 270. 271. 272. 274 
Trends - 270 
See also Medical schools 
See also Universities and colleges 
Grain crops • 567. 568. 573 
Alcohol production - 570 
Climate effects - 20. 22 
EfTicicnt strains - 73 
Nitrogen fixation increases - 70. 79. 

317. 569 
Phot ©synthetic cfTicicncy - 66 
Prices - 574 
Protein quality • 73 
Granite 

Nuclear waste management • 16| 
Grant and contract projects 

See under Research and development 
Graphics 

Computer applications - 181. 340. 
395. 407. 469. 668 
Graphite 

Composite materials - 179. I9l. 337 
Intercalation compounds - 93-94 

GRAS (Cenerallv Recognized as Sqfe) 
list - 255 

Gravel sources - 16 

Gravity 

Human response • 458 
Materials processing limitations - 457 
Missile accuracy models • 344 
Spare structure designs • 337 

Gray Panthers • 412 

Great BriUin 

Home care scrk'ices - 235 
Information utility system - 502 
Rutherford Laboratory - 115 
Salelliles - 91 
Wave power - 157 

Greenhouse effeet - 20. 22. 23. 29. 150. 
152. 155-156. 167. 327. 368. 425. 452. 
466 

Global concern - 291. 296. 433. 452 

Venus - 26 
Greenland 

Cryolite resources - 188 
Gross National Product (CNP) 

Agriculture - 564 

Environmental regulations • 595 

Health care - 239. 580 

Productivity measurements - 555 

Relation to climate changes - 327 

Relation to energy use • 147 
Ground failure 

Mining - 419-420 
Groundwater 

See under Water supply 

Group Health Association - 602 

Guatemala 

Earthquakes - 10 

Guayule - 179 

Guillain-Barre syndrome - 52 
Gulf Coast 

Geoprcssured energy rc^ourc^ - |5I, 
363 

Gulf Oil Company - 153 

Gulf Stream - 7. 18 
Gun registration - 633 
Gypsum imports - 185 
Cjypsy mofh • 322 
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H«bcf Bo*di proccM - ^ 

HMmm 

Nuckmr reactors • 174 
lUIr dye toxidty - 3S3 
lUocarlMS • 453 

RcsuUtkm • 252 
Sec also specific halocarbons 
Hjiloen^cd kydrocariKMs - 256-257. 329. 
3S4 

Srr aZfO specific hydrocarbons 

SpccUl needs • 277, 670 
Housing - 410 
Transportation -23. 442 
Teleconferencing benents -512 
Havrk tmnrey 

Privacy conccnis • 530.531, 535. 
537, 544, 547 

HMrafi 

Mauna Loa Observatory • 20 
Tsuoamis • 12 
Volcanos - 425 
HaxartfoMx maicriaU 

See Toxic substances 
See specific materials 
H^aMk mmd Medldae -4-$. 2 7-3 /. 48-50^ SO-S /. 
66^/. 37-45, 217-247, 371-389, 401-408. 
47S^7, 579-592 

Behavioral factors - 29-30. 222, 

239, 240, 243,581,587 
Burxicn of iiincss - 220, 242 
Cellular basts - 48 
Defense concerns - 347. 351-353. 

357-358 
EnvtronnientaJ factors - 43. 226. 
239-240, 244, 250, 257-258. 313. 
581,588-599, 593-606 
Genetic factors - 42-43. 235-236. 

244,402,581,587 
Instnmientation - 582-583 
Irmovation - 583-584 
Obsolescence - 584 
International concerns - 435 
International research programs - 

285, 287, 290, 291, 296. 435 
Monetary vah>es - 603 
Research - 239, 240, 407-4C8, 477 
Basic research - 239, 240. 241, 
402, 407, 477, 582, 585. 590 
CUnical- 231,240 
Constraints - 408, 477 
Co«t-benerit analysis - 240-241. 

402,406 
Expectations and disappoinimcnls - 

581-582 
Facilities - 407 

Government funding - 401 ,402. 407. 

408, 582 
Tersonnet -401,408, 465 
fhiNic perception of benefits - 484 
Trends - 240, 241, 242, 401 
Resource allocation - 30-31. 238, 

242, 402, 447-408, 603 
Technology transfer - 241, 373. 

406-407,640 
See also specific diseases 
See also specific instruments 
See also specific topics 
Htakk cm aeliTcry wytUmt - 30. 70-7L 
236-239. 244-245. 581-586 

Access - 234-237, 244-245, 589 
Capital expenditures • 580, 583, 584 
Cities - 238, 644, 647 



Computer applications 

See specific instruments 
Consumer concerns • 486 
Costs - 233. 238. 239, 579-592. 667 

Federal share • 580. 583 
Elderly - 233. 235 
Group practice - 236, 237. 244 
Health Maintenance Organizations * 

237-238,244. 476. 580, 589. 

602-603 
Health services research * 238. 

240. 245. 377. 586. 591 
History - 238-239 
Impersonal character - 484 
Independent Practice Associations - 

237 

Inequities • 218, 236 
Innovations - 236. 244. 651 
Institutional care • 235 
ISETAP task force - 652 
Mental health and general health 

links - 238. 245 
Nursing homes - 233 
Outpatient psychiatric care - 230 
Personal health services - 581 
Preventive health services - 239-240. 

586, 590-591 
Psychiatric hospitals - 230-231 
Regulations - 580, 584. 585. 586, 589-590 
Health care pertoooel 

Drug abuse trcaters - 373-374 
Emergency medical technicians - 658 
Group practice - 236. 237. 244 
Health Maintenance Organizations - 

237-238. 244. 476. 580 
Information transfer - 406-407 
Malpractice • 488. 585 
Mental health trcaters - 377 
National Health Service Corps ■ 238. 244 
Nurse practitioners - 238, 245 
Paramedics - 658 
Peer icview . 236. 238, 580 
Radiation technolo^st credentialing - 

386 

Research support applications - 37 
Specialization - 236 
Health education - 223, 224-225, 404. 587, 590 
Health. Education, and Welfare Code - 
534 

Heahh. Education, and Welfare. 
Department of - -fS-St. 371-408 
Cnme-related research projects - 
630 

Human experimentation guidelines - 
487 

Information privacy concerns - 525, 

526, 534. 541. 542 
interagency Task Force on radiation 

protection - 473 
Intergovernmental programs - 650 
See also specific agencies 
Health Evaluation and Risk Tabulation 

(HEART) program - 347 
Health inturanee 

Blue Cross/Blue Shield - 237, 586 
Impact on health care costs • 583. 586, 590 
Medicaid/Medicare - 236-237, 580, 583 
NaDonal health insurance - 236 589, 667 
Privacy of data - 530 
Health Instt. anee Plan of Greater 
New York - 237 

Health Maintenance Organizations (HMOs) ■ 

237-238, 244, 476, 580, 589. 602-603 
Hearing 

Disorders - 62, 353 
Elderiy • 233 

Heart 

Pacemakers - 222, 330 
Transplants • 51 
Valves • 221 



POge numbers in italics refer to Volume I and primarily reference substantive topic discussions. All other 
cite the xnircc materials found in Volume If. 



Heart diseases 

Congenital heart disease • 221 

Coronary artery disease • 222*223. 585 

Mortality rates - 219 

Myocardial infarct - 52, 225 

Rheumatic heart disease - 221. 240 

See also Cardiovascular diseases 
Heart-lung machine - 221 
Heat exhauttiOD - 353 
Heat pumps - 163 
Heavy tneUls - 367 

Combustion • 449 

Nervous system effects • 382 

Shelinsh - 384 
Helicopters - 607, 608 
Helium 

Helium-cooled telescope - 91 

Isotopes - 92 

Metal cooling - 175 
Hemoglobin, abnormal • 43 
Hemolytic disease - 51 
Hemophilia - 42 
Hepatitis 

Data base - 407 

Vaccines - 51, 76, 384. 404 
Herbal preparations - 388 
Herbicides - 71. 257. 568 
Hereditary disorders - 42 

Immune system - 52 

See also Genetic factors 
Heroin - 373, 374, 6l3 
Herpes kcratloltis - 384 
High blood pressure 

See Hypertension 
High Energy Astronomical 

Observatory (HEAO) - 87. 92. 457-458 
High-energy astronomy - 85-87 
High energy physics 

See Particle physics 
High Energy Physics program - 368-369 
High-energy radiation 

See Radiation 
Highway Safety Aet - 487 
Highway transpcrUtion - 439-441 

Safety - 588 

Siting - 483. 486 
HIspaoics - 210. 274. 411 
Hodgkin's disease - 227. 582 
Holography 

Biomedical applications - 386-387 

Simulation techniques - 351 
Home Mortgage Disclosure Act of 1975 - 

657 
Hormones 

Alcohol efTects - 372 

Drug abuse effects - 376 

Endocrine cells - 48 

Mechanisms - 47. 55, 58, 77, 465 

Mental disorders treatment • 234 

Puberty - 229 

Sexual behavior • 62-63 

Synthesis - 43. 75. 384 

See also specific hormones 
Hospitals 

See Health :are aetivery systems 
Hot springs - 13 
House of Representatives 

See Congress 
Household products - 255 

Households 

See Family structure 
Housing - Sl'S2. 409-414. 666. 669-670 

Apphed research necessity • 409 

Assistance - 412-413 

Construct)0n innovations - 670. 671 

Costs - 411-412, 666. 670 

Discrimination - 411. 412 

Energy conservation ■ 145, 147, 149. 
328, 412 

Finance mechani&ms ■ 411-412, 666 

continued 
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Housing (continued) 

International research program^ - 

291. 29« 
Markets - 656 

ProjecU • 413. 650*651. 670. 671 

Regulations '414 

Special groups - 410 

Urban neighborhood revitalization • 

410-41 1. 669-670. 671 
Wood use • 322 
Sff also Buildings 
Housing Aet of 1954. SccUoo 701 • 413 
Housing and Urban DcvelopmcDt. Departro< 
of . 5/-5i. 409-414. 644. 650. 653. 
670. 671 

Sef also specific programs 
Housing Assistanee Program. Section 8 • 
412 

Human experimentation 

Clinical tnals • 240. 404 
Ethics • 320. 372. 379. 601 
Impact acceleration studies • 358 
Institutional review boards • 488. 491 
Regulations • 277. 358. 487. 4S8. 491 

Human fketors 

Avtalion • 461 

Nuclear reactor safely •471, 472 
Human rcproduetlon - 405 
Disorders 

Chemical causes • 255. 258. 405 
Radiation causes • 258. 452 
Drug abuse effects • 376 
International research programs • 
2«7 

Human resources 

International research programs • 
290 

Human Hghts • 292 
Humane societies • 319 
Hunger • 62 
Hurricanes 

Monitoring from space • 24. 25 

Prediction • 287 . 426 
Hydrazine • 344 
Hydrocarbons • 315. 367. 447 

Sff also specific hydrocarbons 
Hydroelectric power • i59. 167. 168 
Hydrogen 

Coal conversion • 153. 163 

Fuel - 163. 164. 465. 570 

Nitrogen fixation • 69 
Hydrogen chloride • 344 
Hydrology 

See Water supply 
Hydrothcrmal energy 

See Geothermal energy 
Hypertension 

Causes • 221 

Monitoring devices • 584 

Prevention • 223 . 224. 242. 404 

Public education • 223. 224-225. 404 

Racial factors • 221*222. 243 

Treatment • 222. 404 
Hypertension Detection and Followup 

Program • 404 
Hyperthyroidism - 52 
Hypoxia - 357 
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Illinois 

Argonne National Laboratory - 1 12 
Chicago 

Drug abuse treatment program • 
374 

High blood pressure survey • 
223 

Page numbers in italics r^fr to Volume I and 
cite the source materials found in Volume U. 
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Mortality rale study • 201 
Nitrogen dioxide pollution 
standards • 598 
Farming method studies • 571. 573 
Fermi National Laboratory .112 
Population migration • 202 
University of Illinois at Urbana • 
Center for the Study of 
Reading - 393 
Immigrants and Immigration 

Effect on city population • 203 
Employment • 669 
It Rates. 199. 201 

Immune system > 49*50. 77. 382 
Alcohol effects • 372 
Cancer response * 53. 225. 385 
Dioxin damage * 257 
Drug abuse effects • 376 
Elderly • 233-234 
Hereditary diseases - 52 
Mechanisms - 44. 46. 49-50. 352. 

384. 402 
See also Autoimmunity 
Immunization - 50-51. 239. 352. 406. 
586 

See also Vaccines 
Immunofluorcscenee - 53 
Immunohistochemistry < 374 
Immunology • 29. 48-53. 76-77. 226. 
351. 382, 402 

Instrumentation - 53 

See also specific topics 
Immunotherapy - 52, 53 
Immunotoxieity - 382 
Impact acceleration ii^uries • 358 
Implants (medical) - 179. 388 
Imports 

See Foreign trade 
Inborn errors of metabolism - 42 
Income 

See Socioeconomic factors 
Income taxes 

See under Taxes 
Independent Practice Associations - 237 
IndU 

Deforestation - 151 

Droughts • 20 

Landsat substations - 28 

Monlccy exports • 380 

Scientists • 292 
Indian Health Service • 542 
Indiana 

Purdue University 

Ethanol production process • 
570 

Indians 

See American Indians 

Indications and warnings (!&W) systems - 
334. 340 

Indium-antimonidc sensors - 176 

Industrial Revolution - 581 

Industry 

Automated manufacturing* 140, 

I8I-I82. 192. 329. 362 
Contributions to defense - 343 
Dependence on materials • 19 
Employment - 184 
Scientists • 6 
Energy conservation • 147. 162, 
165 

Energy use * 147. 148. 162. 
183 

Government/industry cooperation - 5. 
326. 512. 517 

Innovation - 2. 5. 325-326. 343 

Metropolitan area exodus - 212 

Pollution - 559 

Air - 20. 329 
Regulation effects • 588 
Water - 447 

mmarily reference substanlue topic discussions 
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Productivity • 2. 553-562 
University/industry cooperation • 2, 5. 

277-278, 2S0. 5I2,5I7 
Water requirements - 314 
See also Regulations 
See also specific industries 

Infants 

Alcohol-related disorders « 372 
Congenital heart disease • 221 
Development • 405 
Hemolytic disease • 51 
Mortahty rales - 2I7-2I8, 237. 
664 

Nutrition - 406 
PCB exposure - 257 
Smoking parents - 228, 243 
Ultrasound effects • 386-387 
Infectious diseases • 384. 404-405. 
582 

Mortahty rales - 219-220. 403 

See also Vaccines 

See also specific diseases 
Inflation - 559 

Health care costs - 579-592 
Innuenza - 219. 220. 351. 3S4 
Information 

Definition - 614 

Overload - 510 

See also specific topics 
Information access - 510 

Corporate data - 504 

Foreign interest in U.S. data - 504 

Personal data - 504. 522, 
526-527. 534. 53«.539. 541. 543 
Information denial - 614 
Information disscmlnatloa - 6S'66. 469, 
509-519 

Corrosion«prcvcnlion technology - 174 
Fe-^crally sponsored R & D - 512, 

515-516, 642, 643.660 
Free flow • 435 

Health care practitioners - 404. 406-407 
Heart disease - 223. 224. 404 
Hepatitis - 407 

High blood pressure • 223. 224. 404 
informal networks - 2S4. 292, 2^. 

510. 5II-5I2, 514. 516-517 
Materials science - 183-184 
National eoordinatioo - 513 
Nutrition - 404 

Patent and copyright effects • 495 
Problems - 510-511 
Science • 2S5. 2^ 
Toxicology - 405 
Water pollution control • 447 
See also Technology transfer 
Information-handliag iecli»ok>gy 

See Communications technologies 
See Computer applications 
See specific terhnologies 
Information in declsloamaklog 
See Cost'ben^t analysis 
See Decisionmaking 
Sec Risk analysis and risk-ben^t 
analysis 
Information industry 

Growth • 493. 494 
Information policy - 505. 513-517 
Information privacy 

See Privacy 
Information scIcDce - 435. 469. 509. 510 
International research programs - 
290 

See also specific topics 
Information storage and retrieval 
systems 

See Communications technologies 
Sec Computer applications 
See Data bases 
See %pc< 'Jic topics 

other page numbers 
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Information traotfer 

See !t\fomtQtion dhsemtnation 

See Technology tranter 
Infrared Aitroaomical Satellite (IRAS) • 

91.458 
Infrared astronomy • 90 
Infrared radiation 

Atmospheric - 20-21 

Health effects • 387 

In space . 89. 90 

Signatures • 337.346 
Infrared senson - 176. 190 

Breath testing equipment • 658 

Defense uses • 334. 335. 336. 337-338. 
350. 356 

People surveillance systems - 537 
Infrared ipeetroteopy - 386 
Infrared teleseope • 91 
Infrared thermography • 475 
Innovation 

Competition effects • 497 

Domestic Policy Review • 2. S. 
325-326 

Government role • 139. 188-I89. 
325-326. 642. 650 

Information relationship -510 

Networks • 645 

Patent and copyrigh: effects - 
495-496 

Regulation effects - 497 
Inseetleides - 569. 573 
Insects 

See Pest management 
Insthute for Law and Soelal Researeh - 
631 

Institute for SelentiHe and Teehnologieal 

Cooperation (fSTC) - 294. 295 
Institute of Medleine - 1 3 
Institutional ehange - 292. 294. 297 
Institutions for International 

eooperatlon - 283-298 
Instructional Technology. Commission 

on -396 

InstnimenUtlon - 6. 275. 277 

See also under specific topics 
Insulating material - 175 
Insulation 

Farm buildings - 568 

Materials > 357 
Insulin - 384 

Computerized devices for diabetics • 
584 

Mechanisms - 388 

Synthesis • 43. 385. 403. 585 

Testing - 385. 388 
Insuranee 

Automobile - 531 

Health - 236. 237. 238. 583. 586 

Privacy of data - 525. 529. 530. 
531. 542 

Productivity of industry • 556 
Insuranee Institute for Highway Safety - 
667 

Integrated eireuitry 

See under Circuitry 
Integrated pest management 

See under Pest Management 
Intelllgenee 

Artincial • 139-141. 143. 340. 341. 356. 
455 

Cnme relationship • 632 
INTELSAT -28. 135 
Interageney Regulatory Liaison Group - 
388 

Interageney Review Gronp on Nuelear 

Waste Management • 365 
Interageney Task Foree on health 

rescareh and proteetlon • 473 

Page numbers in italics r^fer to Volume I and 
cite the source materials found m Volume II. 



Interdisciplinary approaehes 

Data base development • 514 
Environmental, health, and safety 

regulations • 603 
Global problems • 293 
Physical sciences • 95 
Interferon - 43, 53. 76, 357. 384 
Intergovernmental sclenee • 639*661 
Intergovernmental Sclenee. Engineering, 
and Teehnology Advisory Panel (ISETAP) - 
642. 649. 650. 652-653 
Interior. Department of the • 31$. 415-427. 
450 

See also specific parts 
Internal Revenue Servlee (IRS) - 524. 525. 

526. 528. 529 
International Association of Academies - 
286 

International Atomic Energy Agency 

(IAEA) - 158. 285. 287-288 
International Biological Program (IBP) - 
286 

International Board for Plant Genetic 

Resources (GENES) - 288 
International Business Machines 
Corporation (IBM) - 516. 668 
International Center for Agricultural 
Research In the Dry Areas (ICARDA) - 
288 

International Center for Tropical 

Agriculture rCMr;- 28« 
International City Management Association 

r/CA//i; - 640. 650. 652 
International competition - 292 
International cooperation 

See International research cooperation 
International Council of Scicntiric Unions 

(ICSU) - 23. 285-286 
International Crops Research Institute 
for the Semi-Arid Tropics (ICRISAT) - 
288 

International Decade of Ocean Exploration 

(I DOE) - 31 
International Development Research 

Centre - 288. 290 
International Foundation for Science 

(IPS) - 289-290 
International Geodynamlcs Project - 10 
International Geophysical Year - 285 
International Institute for Applied Systems 

Analysis (NASA) - 289 
International Institute for Strategic 

Studies (IISS) • 289. 295 
International Institute ofTropieal 

Agriculture C//r/H;- 288 
International Laboratory for Research 
on Animal Diseases (ILRAD) - 288 
International law 

See International regulations 
International Livestock Center for Africa 

(ILCA) ■ 288 
International Maize and Wheat Improvement 

Center rC/A/A/rr;- 288 
International Nuelear Fuel Cycle Evaluation 

(INPCE) - IS. 474 
International Peace Research Institute 

(PRIO) - 289. 295 
International PoUto Center (CIP) - 288 
International regulations - 284. 430 

See also specific agreements 
International Research and Exchanges 

Board - 291 
International research cooperation • 36. 
283-298. 434. 435-436 

Bilateral agreements - 291. 293. 297 
Developing nations aid - 5. 287, 
288. 289. 290. 291. 294-295. 296-297. 
430 

East-West competition - 291 
Global resources information system - 
28 

Human nghls issues • 292 
primarily reference substantive topic discussions All othci 



In agriculture . 285. 288-289. 290 
In arms control • 295. 297 
In aviation - 289 
In biology • 286. 290 
In chemistry . 286. 293 
In climate study - 5. 23. 25-26. 28. 

33. 285. 286. 287. 327. 432 
In communications • 28 
In desertincation - 293-294 
In earth sciences • 10. 33. 285 
In economic development - 295. 297 
In electricity and electronics - 293 
In energ>' development • 285. 289, 291 
296. 431 

In environmental concerns • 285, 286. 

289. 296. 433. 452^53 
In food and nutrition • 285. 288. 

289. 290. 291. 296 
In genetics - 286 
In health - 285. 287. 290. 291. 

296. 435 
In housing - 291. 296 
In hum?n reproduction . 237 
In human resources - 290 
In information science - 290 
In mechanical engineering . 293 
In metals and metallurgy • 293 
In military science - 289 
In natural hazards - 291, 296 
In nuclear energy - 285, 287-288, 

290, 291, 296, 364 
In ocean management - 17-18, 33, 285. 

287. 358 
In peace research - 289 
In physics - 284, 290 
In polar research - 285 
In population studies - 285 
In resources studies - 285, 291, 296 
In r\iral construction - 290 
In sciences - 283-298 
In seabed exploration - 10, 291, 

296, 435-436 
In social sciences - 290 
In space enterprises • 28, 91, 284. 

285. 286. 289 
In standard setting - 284, 285 
In systems analysis - 289 
In tropical diseases - 287 
In urban centers - 289 
In water studies • 286, 289, 291. 
296 

Intergovernmental vs. nongovernmental 

institutions • 285-286 
Political concems - 285. 290. 292 
Prediction - 290-297 
Rationale - 284-285 
U.S national interest - 295 
See also specific agencies 
International Rice Research Institute 

(IRRI) - 288 
International Union of Pure and Applied 

Chemistry - 285-286 
International Whaling Commission - 17 
Intumeseent chemicals - 353 
Inventory eontrol systems - 130, 493. 

494.498.518 
Ion flotations - 416 
Ion implanUtion - 95, 125, 176, 341. 
355 

Ionizing radiation 

Health concerns - 35-36. 330. 367. 386. 473 
Dose-response data - 225 
Drug therapy to minimize effects - 352 
Epidemiological studies • 357. 368. 
473-474 

Health care exposures - 386. 473 
international research programs - 288 
Low level exposure - 36. 169. 368. 473 
Nuclear reactors - 169. 364. 367 
Regulations - 330. 473 
Uranium mines - 41S 
See also specific types of radiation 
r page numbers 
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Iowa 

Des Moines drug abuse treatment 
program • 374 
IpronUzld • 23 1 
Iran 

Earthquakes - 10 
Intranational crises -334 
Landsat substations • 2S 

Iroo 

Cast-iron technology • l8l. l9l 
Future advances • 172, 190 
Gadohnium-iron garnet • 176 
Glassy metals - 173 
Imports - 1S4. IS^ 
Machining • 182 
Ocean sources • 16. 424 
Oxide . 421 
Recovery - 421 
Surplus - 184 

Unconventional sources -15 

Wastes . 327 
Iroo'alumlaum alloys • 21 
Irrigation 

Agriculture. 72.314. 424. 564 
Energy use • 56S. 569 

Effect on water supply • 424 

Effectiveness - 427 

Reclamation of mined lands • 4l8 

Salinity of water • 464 

Types - 72 
ISETAP 

See Intergovernmental Science. 
Engineering and Technology 
Advisory Panel 
Isotopes . 386 

Separation technology • 364 

Tracers • 363 

Italy 

Landsat substations • 28 
Lardcrcllo vapor reservoir • 363 
Scvcso dioxin explosion - 257 
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Japan 

Chmatc-monitoring satellites • 26 
Computer-aided manufactunng . 182 
Eartc^uakcs • 10. II 
Electronic products production • 493 
Foreign import reliance • 184. 188 
Industnal productivity growth - 329. 
562 

Methyl- mercury pcsoning - 256 
Nuclear fusion research • 5 
Photosynthesis research - 5 
Science and technology expansion • 

291, 292, 517 
Scientific communication -517 
Scientist exchange programs - 284 
Stomach cancer incidence • 257 
Synthetic fuels production • 5 
Traffic system • 440 
Jet Propulsion Laboratory 

Automatic vehicle control study • 440 

Jobs 

See Employment 
Joining science • 344 
Joint Dissemination Review Panel • 650 
Jojoba • 179 

Josephson junction technology - 126 
Journals 

Disuse - 501, 511 

Foreign - 5 10. 515 

Information dissemination method - 
285. 660 

Photocopying - 500-502 
Journal of Peace Research • 289 
Page numbers m italics r^er to Volume I and 
Cite the source materials found in Volume II. 



Jupiter - 27 

Justice Assistance. Research, and 
Statistics. Ofnee of (proposed) • 629 

Justice. Department of - 516, 526, 542, 
629 

Justice Sutlstles. Bureau of 

(proposed) - 629 
Juveaile crime • 608, 612, 613, 615. 

619, 620, 632 
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Kaiser Foundation Medical Care Plan • 

603 
Kaolin 

Aluminum production • 422 
Kaoilnite 

Source of aluminum ore • 15 
Kennedy. Edward 

Law Enforcement Assistance 
Administration bill • 629 
Kennedy. John 

International atmospheric research 
proposal • 287 
Kennedy Space Center • 25 
K<tntucky 

Agricultural broadcast experiment • 
502 

Louisville quality of life • 664 

University of Louisville. National 
Crime Prevention Institute • 633 

Use of farming capital - 569 
Kepone (pesticide) • 254. 257 
Kidney 

Cells • 46 

Dialysis • 51. 582 

Diseases 

C;«nccr - 46 

Caused by cadmium • 256 
Infectious disease rclation'.hip • 
405 

Morbidity • 403 
Mortality rates • 2l9 
Thirst mechanism • 55, 63 
Transplants - 50, 51-52, 76. 476 
KIssInter. Henry -319 
Knowledge elite • 485 
Korean Institute of Science and 

Technology (KIST) • 293 
Kreps, Juanita M. 

Domestic Policy Review on industrial 
Innovation - 325 
Krill resources • 17 
Kuiper Observatory • 457 



L-alplia-«cetyl-methadol (LAAM) 

Drug abuse treatment - 373 
L'dopa 

Sec Dopamine 
Labor. Department of • 630 
Labor force 

See Employment 
See Productivity 
Labor Statistics. Bureau of - 554. 556 

Laboratories • 275 

Costs - 37 
Federal - 643 
Laboratory experimentation 

Sec Animal experimentation 
See Human experimentation 
Sec specific techniques 
primarily reference substantive topic discussions All 
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Laboratory tests 

Overuse - 583 
Uctrile - 381.484. 486 
Ligeos - 459 

Lind combat • 333. 335. 350-351 
Lind grant universities • 3 14 
Land reclamation 
Deserts - 431 
Mining - 417-418. 450 
Land use 

Agriculture - 314. 565. 567 

Versus other uses - 314. 567 
574 
Deserts - 431 
Developing nations - 28 
Forests - 320-321. 323-324 
Housing - 670 
Maps -427 
Mining . 417 
People affected - 485-486 
Population density - 212 
Rangclands - 321. 323-324 
Recreation - 324 

Renewable resources vs other uses • 
179 
Landsat 

Agricultural data - 24, 426 
Cape Cod picture - 25 
Climate data - 23. 24-25 
Computer technology - 517 
Forest management •426 
Geological data - 25. 426 
Hydrological data • 426-427 
Land use planning - 28, 427 
Orbit - 24 

Political considerations - 28. 32 
Range management - 426 
Landsat Multispectral Scanner - 27 
Undslides- 12,425 
Language 

Mechanisms - 64 
Robots - 140 
Skills - 392, 393 
Laser Raman spectroscopy - 386 
Lasers 

Atomic physics study - 97-98. 100. 

106. 116 
Earth sciences monitoring • 25. 30 
Fibcr-optic equipment - 176. 190 
Fossil fuel studies - 363 
Health hazards - 353. 387 
Hardening of materials - 345 
Isotope separation - l60 
Manufacturing - 182 
Nuclear energy - 364, 365. 366 
Ocean monitoring - 30. 459 
Space surveillance - 337. 338 
Spectroscopy - 106. 116. 386.465 
Surface treatment - 182. 191, 341 
Terrain profiling - 427 
Vision impairment - 351 
Weapon systems • 334. 337, 346 
Wound treatment ■ 353 
Laterite 

Source of nickel - 15 
Latin America 

Mineral resources • 188 
Scientist exchange programs • 284 
Law enforcement 

See Crime control 
See Police services 
Law Enforcement Assistance Administration 
(LEAA) - 607. 608. 634. 635 
Budget • 627-628. 630 
Incentive Fund Program - 631 
Intergovernmental programs - 650 
Reorganization - 629 
Research priorities setting - 630 
Technological innovations funding - 
610 

Law Enforcement Manpower Resource 
Allocation System (LEMRAS) - 617 
other page numbers 
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Law of the Sea 

See V,N, Conference on the Law of 
the Sea 
Lawyers- $31. $32, 633 
Layered materials • 93-94 
Lead 

Drinking water • 449 

Health effecU • 256, 382, 600 

ImporU • 185 

Levels in the body • 256, 651 

Mining - 421 
Leaf proteins - 73. 79 
Learning 

Process - 63^, 78 

Theory • 391-392 

See also Education 
Lefionnalre's disease • 53, 35 1 
Ugumes • 69>70, 569, 571 
Leishmaniasis • 2S7 
Lending Industry 

See Banking 
Leprosy • 2S7 
Leukemia 

Benzene relationship • 600 

Chemotherapy - 227, 404, 582 
Liability 

Data accuracy • 502 

Medical devices • 585 
Ubrarles • 275, 500-502, 503 

See also National Library of Medicine 
Lie detectors 

See Polygraphs 
Ufe expecUncy . 218-219, 233 

Effect on population age structure - 
199 

Geographic factors - 20 1 

Racial factors - 201. 218 

Sex factors - 198, 201,218 

U.S. vs. other countries • 2l8-2i9 
Life sciences 

See Biology 

See specific topics 
Life support systems - 221, 420, 658 
Lifestyles 

Impact on health • 405, 581 

See also Behavioral factors 
Light microscope • 47 
Lighting - 175. 387 
Lindane (pesticide) - 257 
Linguistics - 394 

See also Language 
Lipoproteins - 223 

Liposome delivery systems - 351. 352 
Liquid hels 

See synthetic fuels 

See specific fuels 
Liquid protein supplements - 388 
Lister HIII National Center for 

Biomedical Communications - 407 
LIth'.um 

Depression treatment - 230, 231-232 
Fusion reactors - 366 
Lithography - 467 

Circuitry manufacture • 124. 125, 176, 
339, 349-350 
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Cajiccr- 254. 255. 383 
Cells . 44 
Cirrhosis - 372 

Mortality rate -219. 220 
Transplants • 51 



Local government 

Planning for population miration • 
211 

Lockheed Missiles A Space Company, Inc. 

511 
Louisiana 

Population migration • 202 
Low Income groups 

Energy costs - 149 
Housing. 412-413, 670 

Justice system ine<;uities • 632 
LSD (lysergic acid diethylamide) - 59, 
375 

Lubricants - 336, 345 
Lumber 

See Forests 
See Wood 
Lung cancer 

Air pollution relationship • 254, 
256 

Cigarette smoking relationship • 
227-228, 243, 254, 256, 257, 601. 
602 

Detection - 226 

Mortality rate -218 

Uranium miners - 418 

See also Respiratory diseases 
Lupus erythematosus • 42, 52 
Lympho^es - 42, 49-50 
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Livestock 

Cattle - 318, 319 

PBB contamination - 257 
Drugs - 382. 385 

Environments - 314. 31»-319. 323 
Feed - 315, 564, 569,570 
Poultry -318 

Productivity - 318-319, 464, 576 
Swine -314.318 

Page numbers in italics refer to Volume I and primarily r^erence substantive topic discussions. All othci 
cite the source materials found in Volume II. 



MACYMA (instructional system) - 340 
Magnesium 

Ocean sources • 16 

Production - 188 

Use. 188 
Magnesium-graphite . 337 
Magnesium oxide 

Refractory metal . 188 
Magnetic babble technology - 126, 128 
Magnetic fields . 98, 102, 104 
Magnetic materials 

Cluster compounds . 94 

Cobalt- samarium alloys . 174 

Computer menx>ry . 20, 126, 128, 176 

Glassy metals - 173 

Nuclear fusion . 94, 366 

Superconducting. 176 

Ultra thin films . 95 

See also Nuclear magnetic 
resonance 

Magnetohydrodynamlcs (MHD) - 176, 363, 364 
Mallgram . 499 
Malaria . 357 

International research programs - Z87 
Vaccines. 5 1, 76, 239, 357 

Ubor force . 205, 206, 207, 208 
Life expectancy - 201, 218-219 
MorUlity rates . 218 
See also Sex factors 
Malnntrittoa . 372 
Malpractice . 48S, 585 
Mammography . 226 
Man.machlne Interface - 455 

Defense decisions - 334, 340-341, 356 
Information dissemination - 510. 
511.512,514 
Management and Budget, OfTIce at (0MB) - 

13. 326,516,542, 653 
Management Information systems 
Crime control - 63 1 
Department of the Army - 350 
Hazardous material spills - 444 
Managerial science 



See Organizational science 



Manganese 

Imports • 185 

Nodules . 15, 17, 432 

Sources • 15, 424 
Manned Space Flight Network • 459 
Manpower 

See Employment 
Manpower training 

See Training 
Manufacturing 

See industry 

See Materials processing 
Mapping 

Airborne profiling . 427 

Mineral exploration . 16 

National digital cartographic data 
base . 426 

Planets . 459 

Police use . 615 
Marihuana 

Cancer chemotherapy • 376 

Longitudinal studies - 375.376 

Physical predisposition • 375 

Possession laws . 627 
Marine ... 

See also Ocean . . 
Marine Mammal and Endangered Species 

Act - 17 
Marine organisms 

Human pathogens . 329 

Mammals . 17 

Plants . 249 

See also Fishery resources 
Marine Safety Information System . 438 
Marine transportation . 326, 437.438 

See also Shipping 
Marriage . 198, 204.205, 213. 214 
Mars . 26 
Marxism . 627 
Maryland 

Baltimore Applications Project • 
640 

Population migration . 202 
Mass spectrometry - 385 
Mass transit 

See Public transportation 
Massachusetts 
Amherst 

Five Colleges Radio Astronomy 
Observatory . 91 

Boston 

Earthquakes . lO, 12 
'Gravc.robbing' trial - 488 
Cambridge Experimentation Review 

Board (CERB) - 4fi9, 491 
Cape Cod 

Landsat picture - 25 
Materials -i. 19-22. 92-96. 171.194, 
345, 466.467 

Conservation . 2(?-2/. 186.187, 

192.193, 335. 466 
Exploration and extraction 
See Mining 
See under Minerals 
Foreign sources - 20 - 
Innovation - 171 

Overseas operations . 184, 188. 192 
Political concerns . 187.188. 192. 

335, 432, 465-466 
Recycling . 183, 186. 192, 335. 466. 467 
Renewable . 179, 191 
Substitute . 2/. 186-187. 192-193. 

421.422, 433. 466 
Supply and demand - 171, 182.183, 
184. 188, 189, 192. 327. 465.466 
Forecasting. 171. 188. 189 
Total materials cycle - 182.183 
See also Corrosion 
See also Mining 
See also Wear resistance 
See also specific materials 
See also specific types of materials 
r page numbers 



ERIC 



104 



Materials proccstlnj — Mining 101 



MatcrUls proccsiing (mantifacturing) • 21-22, 
I79-IS2, IS3, 191-191 

Energy concerns - ISO, IS^ 192 
In space • 45^ 457» 439 
Productivity - 182, 188. 189, 556, 
558 

Regulations • 180. 184, 186 

See also specific materials 
Materials telenet and engineering (MSE) - 

183-184, 333,335, 345 
Maternal and child c«re • 237, 586 
Mathematical models 

Carbon dioxide in the air - 20 

Climate prediction - 23 

Fire danger • 323 

Fossil fuel structure - 363 

Mineral economics • 15 

Tropical storm prediction • 287 
Mathematics 

Computer science - 128, 131-134, 143 

Defense logistics - 344 

Energy research - 368 

Space activities - 455 
Measurement 

International standards • 284, 285 

See also under specific topics 
Mechanical engineering 

International research programs • 
293 

See also specific topics 
Medicaid - 236, 583 

Medical Applications of Research, OfTIce 

for (OMAR) - 406 
Medical devices - 179 

Liability - 585 

Regulation • 379, 384, 388, 580, 
584, 585, 590 

See also specific devices 
Medical doctors (MDs) 

See Health care personnel 
Medical schools 

Basic science curriculum • 37 

Facilities • 407 

Foreign exchange programs • 284 
Minority students • 236 
National Health Service Corps - 238, 
244 

National Institutes of Health 
relationship • 408 

Nutrition research - 406 
Medical students - 37, 236 
Medicare - 236, 237, 580, 583 
Medicine 

See Health and Medicine 
Meetings and conferences 

Information dissemination method - 
285, 511, 512, 517, 642, 660 
Membranes 

See under Cell biology 
Memory 

Elderly - 234 

Neuronal bases - 63-64, 77, 78 
See also under Computers 

Men 

See Males 
Meningitis vaccines - 51 
Mental disorders - 229-233, 244, 374, 
376-378 

Burden of illness - 220, 242 
Causes/Relationships - 377 
Diet - 406 
Social factors - 589 
Epidemiology • 377 
Incidence 

Adolescents - 376-377, 378 
Children . 376-377, 378 
Elderly - 233, 234-235, 377 
President's Commission on Mental 

Health - 377. 378 
Pre%cntion • 378 
Public attitudes - 378 



Research 

Animal models - 232-233 
Basic research • 377. 402 
Treatment 

AAercare- 230-231 

Drug therapy - 229. 230. 231-233. 

244. 377, 582 
Expectations • 37 
Health Maintenance 

Organizations - 238 
Outpatient services - 230 
Psychiatric hospiuls - 230-231, 

244 

Psychotherapy - 229, 230. 377 
See also Nervous system 
See also Neuroscience research 
See also Psychological factors 
See also specific disorders 
Mental processes 

See Cognitive science 
Mental retardation * 465 
Mercury 

Atmospheric - 253 
Imports - 185 
Methyl mercury 

Animal contamination - 258 
Marine an«mal contamination - 
250 

Nervous system damage - 256 
Transformation - 253 
Water supply contamination - 253. 254 
Street lights - 65 1 
Mercury-telluride sensors - 176, 338 
Meritocracy . 536 
Metals -i. 19, 172-175. 190 
Composites - 336 

International research programs - 293 

Ocean sources - 15 

Processing - 179-182, 191-192 

Substitutes - 327 

Toxic - 256 

See also Mining 

See also specific metals 
Meteorology 

See Climate 
Methadone - 373, 651 
Methane - 350, 669 

Agricultural wastes - 315, 570 

Generators - 315 

Geothcrmal sources - 151. 363 

Mining hazard - 419 
Methotrexate - 44 
Methyl mercury 

See under Mercury 
Methyl-a-b«ityl ketone 

Neurological disorders cause - 255 
Metropolitan areas 

See Cities 
Mexico 

Agricultural labor - 574 

Arid lands research - 5 

Natural gas resources - 151, 165 

Oil resources - 151 

Population growth - 202 
MHD 

See Magnetohydrodynamtcs 
Mica imports - 185 
Michigan 

Cnme information system - 631 

Detroit Renaissance Center - 671 

Polybrominatcd biphenyl 
contamination - 257, 389 

Technical assistance program - 652 
Microbial contamlsaats • 385 
MIcroblolofy 

See specific topics 
Microd real try 

See Circuitry 
MIcroelcctrodes • 57 
Mlerofraphlcs - 500. 511, 515 
Mlcromentaries - 537 



Microprocessors • 31-32, 127-128, 339, 668 
ApplicaUcns - 127, 129, 142, 340, 538 
Air uafilc control - 438 
Automobile fuel injection - 339 
Cooking - 123,666 
Education - 396 
Electronic transmission ot 

the mail - 331 
Health and medicine • 584-585, 

591 

Lithography • 339, 349 
Manufacturing • 341 
Missile guidance - 339 
Satellites • 27 
Simulation - 351 
Speech understanding • 340 
Television sets - 394 
Transportation • 440, 443. 666 
Control logic • 339-340 
Design - 124, 126, 127-129. 142 
Programs - 339 
Microwaves 

Aircraft landing system - 438 
Charactenstics - 358 
Detection equipment (d^ense) - 356 
Fossil fuels studies • 363 
Health hazards • 353, 387. 452 
Inlerferometry - 25 
Ovens - 123 
Radiometers - 24 
Relay systems - 493 
Tubes - 344 
MId'AtUaUe Ridge - 8. 16 
Mid-Ocean Dynamics Experiment (MODE) - 
Middle East 

Desert reclamation • 431 
International crises • 334 
Scientist exchange programs • 284 
5^^ also specific countries 
Migration 

See Population migration 
Military 

5^^ D^ense 
Mine Safety and Health Administration - 
419, 420 

Mine Safety and Health Amendments 

Act of 1977 -418 
Minerals - 7j^2&. 13-16,415-422. 

424. 425 

Basic research necessity - 14-15 
Conservation • 420. 421 
Consumption • 13 
Exploration • 15-16, 468 

Constraints - 16, 32 

Drilling 

Geological mapping • 16 
Instrumentation - 15-16. 17 
Plate tectonics - 8, 9, 28, 468 
Satellite - 25, 426, 433 

Extraction -420-421, 425 

Formation - 13-14.468 

Imports • 16, 327.420 

Ocean sources - 16-17, 328, 432 

Plant nutrition - 72 

Substitution - 421-422 

Supply and demand • 13. 32, 420, 425, 
468 

International concerns • 432. 
466 

Unconventional sources - 15 

See also Materials 

See also Mint,ig 

See also specific minerals 
Mines, Bureau of - 52-53, 14, 415-422 
Mining • 20, 34, 52-53, 415-422 

Basic research necessity - 14-15 

Environmenial concerns - 155, 415-418, 
425. 450 

Water rx)nution - 155, 416, 417 

Health and safety concerns - 418-420 

Innovation - 421 

Land reclamation - 418, 425. 450 
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102 Mlnias NatloMl lattUuU on Alcohol 
MIbIbs (coaSlflHcd) 

Prod'JctivUy - 556 

RegulaUons - 16, 32, 155, 415, 416, 
417«418 

Seabed - 16 

International conflict - 16, 17, 

430,432 
Technology • 17, 432 

Secondary recovery -416 

Subsidence -417, 425, 427 

Surface mining • 416, 473, 427, 450 

Technobgies - 42(M22 

Wastes -416, 421,451 

See also Minerals 
MlnoHtics 

See Discrimination 

See Racial factors 
M\ttx (pesticide) 

Liver tumor cause - 257 

Water supply - 254 
Missiles - 334, 336, 339, 344, 345, 346 
Mlssis«ippl 

Population migration - 202 
Mississippi River - 10 
Missouri 

Earthquakes - 10 

Kansas City crime control - 617, 618 
Lead ores • 421 

St. Joseph population migration - 204 
St. Louis 

Crime control - 617, 620 
Information broadcasting 
experin^ent - 502 
Mobile Intensive Cart Units (MlCUs) - 658 
Model IntcrsUtc Scientific and Technic^ 
Information Qeartnghousc (MISTIC) * 643, 
652 
Models 

Crime control simulation - 351 

Nuclear waste management - 472 

Police case screening - 619-620 

Police manpower allocation - 617-618 

Urban simulation - 413 

See also Mathematical models 
Modem society 

Complexities - 2S. 484, 535*536 
Molecular beam epitaxy - 94 
Molecular biology 

See Cell biology 

See DNA 
Molecular genetics 

See Genetics 
Molecular physles 

See A lomic and molecular physics 
Molybdenum 

Refractory metal • 174 

I^enium source - 15 
Monoamine oxidase (MAO) - 230, 231, 375 
Monopolies (industry') - 516, 558 
Moon • 459 

Crime relationship - 632 
Moon-Ghetto syndrome - 485, 640 
Morbidity - 403, 602-603 

See also under specific diseases 
Mortality rates - 200-201, 217-218, 
219*220, 602 

Eldcriy " 200 

Infants - 200, 217-218, 237 

Racial factors - 201, 218, 226 

Sex factors -201, 218 

See also under specific diseases 
Mortgages -411,412 
Motion sickness - 357-358 
MoUvatlon - 62-63, 77 
Motor system (human) - 56, 62, 78 

See also Muscles 
Motorcycle safety - 588, 597 
Mount Palomar - 90 

Multicentcr Investigation of Limitation of 

Infarct Size - 404 
Moltlpie cropping -313, 568, 573 
MaHlple telcrotls • 52, 58, 78, 402, 582 



Multipoint DIftrlbution Service (MDS) • 498 
Multipurpose Arthritis Centers - 404 
Municipal 

See Cities 

See Public services 
Muscles 

Cells - 44, 47, 48 

Nerves - 61 

See also Motor system 
Muscular dystrophy - 61 
Music generators - 395 
Mutagens - 45-46, 259, $01-602 
Mutations 

Cancer relationship - 41, 75, 602 

Cell studies - 44 

Chemical causes - 41, 45, 258 

Mechanisms - 45 

Neurological studies - 61 

Occurrence - 40, 41, 75, 258 

Radiation causes - 41, 45, 258 
MyastbcnU gravis - 52, 53, 58-59, "7, 402 
MYCIN (instructional system) - 340 
Mycotoxins - 3g5 
Myocardial Infarct - 52, 225 
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NADP - 65-66 
Naltrexone 

Drug abuse treatment - 373 
2-naphthylaminc 

Workplace carcinogen - 255 
Narcotics abuse 

See Drug abuse 
National Academy of Englticerlng (NAE) 
International engineenng 
academies meeting - 286 
National Academy of Sciences ('A^/^ 5; 
Agriculture and energy conservation 

study - 575 
Brazilian chemical research project - 
293 

Computerized personal data study - 541 
Crime-related research projects - 

628-629, 630, 631,635 
Role in Five-year Outlook 

preparation - 12-13 
Scholar exchange arrangements - 

291-292 
Soil conservation studies - 416 
SST and ozone report - 21 
Toxic substances study - 601 
See also National Research Council 

(NRC) 

National Advisory Committee on 

Aeronautics - 512 
National Advisory Committee on Criminal 

Justice Sundards and Goals - 626, 630, 

See also specific Task Forces 
National Aeronautics and Space 
Administration (NASA) - 23, 24-25. 
58-59, 455-461 

Data bases development - 51 1 
Joint programs with Department of 

Agriculture - 316, 456 
People-tracking devices - 537 
Research budget - 275 
Solar entrgy program influences - 158 
Technology utilization program - 512 

National Alcohol Fuels Commission -443 
National Bureau of SUndards (NBS) - 330 

National Cancer Institute (NCI) - 225, 604 
Alcohol studies - 376 
Marihuana studies - 376 
Toxic substances studies - 260, 405 

National Center for Health Care 
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Technology (NCHCT) - 580, 584, 586 
Page numbers in italics refer to Volume t and primarily reference substantive topic discussions. All other page numbers 
cite the source materials found in Volume II. 



National Center for Health SUtisUcs (NCHS) 
Burden of illness indices - 220 
Demographic programs - 199 
Health trend projections - 233 
National Center lor Toxlcologlcal 

Research (NCTR) - 260, 382, 383 
National Climate Center - 669 
National Climate Program - 456 
National Commission for the Protection 
of Human SubJceU of Biomedical and 
Behavioral Research - 487, 488 
National Commission on Digestive Diseases - 

m 

National Commission on Employment and 

Unemployment Sutistics - 206 
National Commission on Productivity and 

Goals -610 
National Commission on Research - 270 
National Committee on Clinical Laboratory 

Standards (NCCLS) - 386 
National Conference of Sute Legislatures 

(NCSL) - 640, 643 
National Conference on Health Research 

Principles -401, 402, 407 
National Council on Health Care 

Technology - 488 
National Crime Prevention Institute - 633 
National Criminal Justice Sutistical 

Service - 629 
National DaU Center (proposed) - 525 
NaUonal Diffusion Network - 650, 653 
National Environmental Protection Act 

(NEPA) - 487 
National Rre Danger Rating System • 323 
National Governors' Association - 640, 652 
NaUonal health Insurance - 236, 589, 667 
National Health Service Corps (NHSC) - 238, 

244 

National Heart, Lung, and Blood Institute 

(NHLBl) - 404 
National High Blood Pressure Education 

Program (NHBPE) - 223, 404 
National Hurricane Center - 670 
National Institute for Occupational Safety 

and HeaHh (NIOSH) - 260, 405 
National Institute of Allergy and 

Infectious Diseases (NIAID) - 404 
National Institute of Arthritis, 

Metabolism, and Digestive Diseases 

(NIAMDD) - 404 
National InsUtute of Child Health and 

Human Development (NICHD) - 199, 377 
National Institute of Education (NIE) - 50 

391-399, 655 
National Institute of EnvironmenUl Health 

Sciences (NIEHS) - 260, 405 
National Institute of Justice (proposed) - 

629 

National Institute of Juvenile Justice and 

Delinquency Prevention • 629 
National Institute of Law Enforcement and 
Criminal Jusdce (NIIECJ) 
Budget - 625, 628 
Establishment - 625, 627 
Independence from LEAA - 625, 635 
Performance critique - 628-629, 630, 

631, 635 
Research agenda - 629, 630, 635 
Witness study - 627 
National Institute of Mental Health 
(NIMH) - 49. 376-378, 542, 655 
Crime control research - 629 
National Institute of Neurological and 
Communicative Disorders and 
Stroke rA^WCDS;- 377, 
402 

National Institute of Occupational Safety 

and Health - 598 
National Institute on Aging (NIA)- 377 
Laboratory of Neurosciences - 405 
National Institute on Alcohol Abuse and 
Alcohollun (NIAAA) - 48. 371-373, 376 
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National Institute on Drug Abase (NIDA) • 

48-4% 373-376 
National Inttltntes of Health (N!H) • 
5(^5 A 4CI-40S 

Biomedical sciences training program - 
272 

Consumer representatives - 4SS 
Institutional Review Boards 

requirement • 4SS, 491 
Joint programs with National Institute 

on Drug Abuse • 374 
Laboratory eqi'ipment funds - 275 
Recombinant DNA guidelines -29, 

39. 74, 385. 403. 4M, 4S9, 491 
Research budget . 275, 582 
Research proposals funded - 274 
Research support applications - 37 
Technolog>' transfer - 241 
See also specific institutes 
National Ubniry of Medlelne (MSf) - 405, 
407,511 

National Map Aecuraey Standards - 426 
National Miiyor*s Conference - 652 
National Oceanic and Atmospheric Admin Is- 

\rmt\on(NOAA)'24, 27,456 
National Oceanic Satellite System (NOSS) - 

24 

National Priuiate Plan - 380 
National Research Act of 1974 • 487 
National Research Council (NRC) -IJ 
Climate and agriculture study - 314 
Energy consumption study - 1 47 
Medical education committee - 408 
Seeaiso Institute of Medicine 
See aisoNationai Academy of Engineering 
See also National Academy of Sciences 
National Science Foundation (NSF) - 59-60, 
463-469 

Applied Science and Research 
Applications program • 655 
Capital investment funds - 275 
Crime-related research projects • 

629-630 
Deep Sea Drilling Project - 436 
Director's statement - h7 
Graduate fellowship program • 272 
Human experimentation regulations • 
488 

Information dissemination activities - 

513,514 
Innovation transfer projects - 650 
Intergovernmental programs • 652, 

653, 655 

Joint programs with National Institute 
of Education - 393, 395-396 

Page limit of grant applications • 276 

Research budget • 275 

Role in Five<year Outlook pre para* 
tion • 1 2' 1 4 

Role in supporting basic research * 
275, 463 

National Sea Grant Program • 328 
National security 
See D^ense 
National Technical Information Service 

(NTIS) . 509, 511, 514. 515-516 
National Toxicology Program • 260, 388. 

405 

National Uranium Inventory Project • 10 
NATO 

See North Atlantic Treaty Organization 
Natural gas -76, 17 

Agricultural use • 564, 565 
Arctic sources - 326 
Combustion - 46S 
Consumption - 150, I5S.46S 
Costs - 146, 148 

Deregulation - 576 
Environmental concerns - 425, 450 
Fertilizer production - 68 
Imports - 151 



Ocean sources • 8, 1 6, 326 

Continental ^helf - 423, 436 
Recovery - 363-364 
Supply and demand - 145, 146, 151, 

156, 164, 165, 166. 430, 669 
Transportation • 151. 165. 364. 438. 

442, 44:^ 
See also Methane 
Natural hazards - 424-425. 433 
Disaster relief - 670-671 
Global concern * 433 
International research programs • 291. 

296 

Nuclear reactor safety - 13. 425. 472 
Prediction - 22. 328. 425 

Gravitational 'vaves - 83 
See also specific hazards 
Natural resources 

International research programs • 28. 

285. 291. 296 
See Materials 
See specific resources 
Navy. Department of the - 46-47, 355<359 
Impervious concrete applications • 441 
Near* mliUmeter* wave technology • 350 
Nebraska 

Farming method studies < 571, 573 
University of Nebraska irrigation 
energy study - 568 
Neighborhood dynamics - 410-41 1 
See also Population migration 
Nepal 

Deforestation - 151 
Nervous system ■ 36, 54-57, 61, 77-78, 477 
Disorders 

Chemical causes * 255 
Genetic causes • 465 
Lead paint causes - 256, 600 
Methyl mercury causes < 256 
Viruses - 402 
See also Mental disorders 
See also specific dixorders 
See also specific parts of system 
Netherlands 

Public participation m policy- 
making . 489-490 
Satellites - 91 
Neurons • 46, 54-55, 57-59, 374 
Neurosclence research • 53*65, 77'78. 
376-378, 465 

Alcoholism - 476 
Behavior • 60-65, 465 
Decisionmaking • 340 
Defense concerns • 352 
Drug abuse • 374, 375 
Elderiy • 234, 405 
Instrumentation > 56-57, 374 
See also Mental disorders 
See also Nervous system 
See also specific topics 
Neurotoxicity • 382 

Neurotransmitters - 58-59, 231-232, 234, 

374, 377, 465 
Neutrino beams • 539 
Nevada 

School enrctlment •211 
New England 

Fisheries - 17 

Forests - 160 

Hydroelectric power • 159 
New Hampshire 

School enrollment •211 
New Jersey 

Crime information system - 63 1 
New Mexico 

San Augustin radio telescope • 91 

Sulfur dioxide diffusion • 600 
New York (city) 

Health Maintenance Organizaiions • 237 

Long Island 

Information privacy survey - 526, 
531 
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Traffic management • 440 
OiT'*">re mineral deposits - 16 
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Costs -211 

Demand •211 

ISETAPtask forces • 652 

Population migration implications ■ 
210-212, 215 

Recordkeeping - 536 

Technological innovations ■ 

See also specific sen ices 
Public Technology, Inc. • 652 
Public transponation • 440 

Buses • 442 

Demand '213 

Downtown people mnver 

Electrified systems • 163 

Paratransil • 442 
Puerto Rico 

Telescope • 90 
Puget Sound • 18 
Pufwash conference ■ 295 
Pulsars • 86. 88 
Pumice imports • 185 
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Quality of life 

Elderly population • 590 

Forest cfTccts - 324 

Mc.i^urcmcnl • 664 

Neighborhood crTccts - 410-41 1 

Pain rcsc.irch - 374 

Pollutinn crTccts • 149, 600 

Privacy conecrn5 ■ 324 

Productiviiy growth relationship ■ 559 

Science and technology role • 518, 
663-672 
Quantum electrodynamics • 98 
Quartz 

Circuitry-. 124 

Optical fiber transmission • 176, 190 
Qnatars . 88. 89, 90. 457 
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Racial factors 

Adolescent birthrates • 200, 201 

Crime • 632 

Education 

College enrollment • 271 
Doctorate recipients • 273 274. 279 
Medical school enrollment . 236 
School enrollment '210 

Employment status • 206, 207 
Government '411 
Occupational distribution • 206 
Unemployment . 208 

Health care access - 236 

Housing access • 411. 412 

Hypertension . 221. 223. 243 

Life expectancy • 201, 218 

Mortality rates • 201, 218, 226 

One-parent families • 205 

Population migration . 202, 204 

See also Discrimination 
'Udar - 344, 346 

Defense surveillance ■ 334, 356-357 

Earth monitoring • 18, 24. 30 

Health cfrccts - 347 

Mine hazard monitoring • 420 

Mineral exploration • 3 

Propagation studies ■ 358 

Space surveillance ■ 337, 339 
Radiation 

Food irradiation ■ 288. 319 

Health concerns - 357, 386-387, 581 
Canccr'Causing • 45. 225 
Dosc'response data - 45 
Mutation-causing • 41. 45 

See also under Ionizing radiation 

See also under Nonionizing radiation 

Laboratory sources ■ 344 

Signatures • 426 

See also specific types of radiation 
Radiation therapy • 227, 386 
Radio astronomy • 89-90 
Radio communication 

Emergency hca!th care • 658 
Police use • 610. 612. 617, 

620. 621, 656 
Telephone company use 
Radio spectrum management 

434. 435, 456-457, 469 
Radio telescopes • 89-90. 91 
Radio waves 

Charactcnsiics • 358 
In space • 89 
Radiation cfTccts • 347 
Radioactive tracers 

Biological research • 35. 388. 465 
Ocean study ■ 18 
Radioautofraphy • 374 
Radioimmunoassay 

Cancer detection ■ 226 
Hormone study - 229 
Immunnlogical studies • 53. 386 
Neurological studies ■ 374 
Radioisotopes • 57, 475 
Radiopharmaceuticals • 384 
Radomes • 336, 345 
Railroads • 152. 437. 441-442 
Rainfall 

Agricultural cfTccts ■ 22 
See also Acid rotn 
Rand Corporation • 620 
Range management • 323-324 
Deserts - 431 

Monitoring from space - 24, 426 
Rapld-eye-movement - 62 
Rare -earths 

Magnets • 174 

Phosphors - 386 
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Publte Health Service Research and development 107 

Reading, Center for the Study o({CSR) • 
393 

Reading eomprthension . 392-393, 396 
Real esUte 

Productivity of industry ■ 556 
Settlement practices - 414 
See also Housing 
Reclamation Act of 1902 - 572 
Recombinant DNA methodology 

See under DNA 
Recreation - 324, 432, 667 
Recycling 

Sec Waste rec*-yery 
Keferendums - 489 

Regional Administrative Radio Conference • 

435 
Regulations 

Effect on productivity • 559, 562 
EfTcCI on technology development - 
497 

Equity - 596-597 
Federal expenditures - 595-596 
See also Congressional Acts 
See also under specific topics 
Reiter's disease - 42. 43 
Remote sensing - 358 

International concerns - 28, 32, 433 
See also Satellites 
See also specific techniques 
Renal 

See Kidney 
Renewable materials - 3. 16. 179, 191, 
315. 320 

See also Plants 
See also specific materials 
Reproduction 

Cells - 44-45 
Livestock - 318 
See also Human reproduction 
Research and development 

Applied research - 654, 655. 660 

International cooperation • 284 
Mission agency emphasis - 275 
Universities • 272 
See also under specific topics 
Basic research - 654. 655 

Importance ■ 6-7. 9 11. 402. 463 
Internationa! cooperation • 434 
National Science Foundation 

dedication - 463 
Private sector lack - 496-497 
Universities - 269-281 
See also under specific topics 
Bilateral research agreements • 291. 

293. 297 
Duplication of results - 284 
Economic need as a stimulus • 30-31 
Evaluation ■ 654. 659 

Facilities - 6. 215. 277, 603-604 

See a ho under specific topics 
Final reports - 660 
Financial support ■ 269-270, 271, 

272- 278. 279, 496 
Government support . 6. 9-11. 269-270. 

273- 277, 326, 496. 559, 560 
Expenditures - 10. 274-275 

Grant and contract projects - ITS-m, 
279 

Accountability - 659 
Pioposal writing - 270, 274. 275, 
276 

Impact on productivity grow(h 558 
Industry support - 6. 111-21%, 280. 

496-497. 512 
Inslilulional linkages - 512 
International competition ■ 292 
International cooperation • 5, 

283-298. 434 
Manpower supply ■ 10. 292 
National priorities • 275 
Program analysis ■ 654-655 
ussions All other page numbers 
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Researeh and development (contioacd) 
Regulalioiu • 270, 276-277, 279 
U.S. access to foreign R & D • 515 
Ste also li\formatton dissemination 
Ste also Science and Technology 
Sf€ alsn Technology tranter 

Research TrUngle Park • 604 

Reserpioe- 59,231 

Reservolr^lnduccd eArthqnaket • 425 

Resource Conservation and Recovery 
Actor 1976. 186, 451 

Resources 

International research programs - 28, 

285. 291,296 
Observation from space - 456 
See also Materials 
See also specific resources 

Respiratory diseases 
Animals '318 

Burden of illness • 220, 242, 403, 404 

Cadmium cause - 256 

Cigarette smoking relationship • 
227-228 

Diagnosis • 404 

Mortality rates • 219, 220 

Treatment • 404 

See also Lung cancer 
Retinal dystrophy - 61 
Retirement 

Early - 205, 206 

Effects on the elderly - 235 

Faculty members • 272 
Revenue sharing - 654, 668 
Rh Incompatibility • 51 
Rhenium 

Unconventional sources • 15 
Rheumatic fever • 42, 52 
Rheumatic heart disease • 221, 240 
Rheumatoid arthritis 

See AnhrtHs 
Ribosoraes • 42, 75 

RIbalose bi phosphate carboxylase - 66-67 
Rice production • 70, 79 
Risk analysis and risk-benefit analysis • 
3-4. 33-37, 490, 603 

Biological research • 74, 484-485, 
489 

Breast cancer screening • 226 

Earthquake preparedness • 12>13 

Food additives - 256 

Genetic research - 74, 351, 357, 403, 
485, 489 

Health care technologies ■ 240-241 

Knowledge (general) - 74 

Nuclear energy - 154, 472 

Privacy protection • 528 

Toxic substances - 250, 255, 259-260, 
262, 263, 387, 588 

See also Cost 'benefit analysis 
RNA (ribonucleic acid) 

Function - 38, 42 

Structure - 38, 39 

ViRjses - 41 

See also DNA 

See also Genetics 
Rond tranaporUtlon - 439-441 
Robots - 140-141, 181-182,341.585 
Rock mechanics - 15 
Rocktts 

See Missiles 
Rocky Mountains 

Oil shale resources -151 
Roosevelt, Franklin D. - 6. 9, 10 
Rubber - 21. 177 

Plant sources - 99, 179, 191, 315 
Rural areas 

Communications - 330-331 

Community development - 324 

Employment status ■ 207, 208, 212, 568 

Forests • 324 

Health care access - 236, 238 
Housing - 410 



Intcmational research programs • 290 
Land use - 3 14 
Population migration • 204 

Implications • 210-213 
Transportation • 316, 442 

Gasoline consumption • 213 

Russia 

Ste Union of Soviet Socialist 
Republics 



Sabotage 

Nuclear - 155. 473 

Transportation - 444 
Saccharin - 255-256, 484, 486, 588 
Safe Drinking Water Aei - 259, 415, 448 
Safety 

Environmental, health, and 
safety regulations - 593-606 

Public safely - .655-656, 667 

See also specific topics 
Sahel - 20, 293-294 
Salk vaccine - 582 
Salmonellosis - 3 18 
SALT - 464 
Salt 

Imporu • £85 
InUke • 222 

Nuclear waste management - 161, 472 
Salt-toierant planU - 464 
Samarium 

Cobalt-samarium alloys in magnets - 
174 

Samoa 

See American Samoa 
San Andreas Fault - 8, 11, 12 
Sand 

Ocean sources • 16 
Sanlutlon • 4. 588, 590 
Sapphire - 12$ 

Satellite Business Systems - 666, 668 
Satellites - 24. 24-28, 30 

Agricultural monitoring - 24, 27. 

316, 426, 456 
Climate monitoring • 23, 24, 25, 27, 

28, 30, 426, 432, 456 
Communications - 28, 135, 435, 456-457, 

498, 539. 666, 667, 668-669 
Earthquake monitoring • 25, 456 
Forest monitoring • 24, 424 
Geok>gical monitoring - 24, 25, 426, 

456 

Instruments - 24 

Altimeters • 18 

Data processing systems - 24, 27, 
459-460 

International corxiems • 28, 32, 433 
Land-use planning • 28, 427, 456 
Natural hazards monitoring - 24, 433 
Ocean monitoring • 18, 23, 24, 25, 

456, 459 
Range management - 426 
Resource monitoring • 28, 426^427, 

433, 456 
Snow mapping - 24-25 
Space exploration - 85. 91, 92, 

457-458, 459 
Supplemented by ground data - 33 
Television broadcasting - 331, 434 
Types - 24 

Polar-orbiting • 25, 26 
Solar power - 159, 431 
Water resources monitoring • 24, 

426-427 
See also surveillance systems 
See also specific satellites 



Satura -664 
Scandinavia 

Fish population in lakes • 21 

Life expectancy - 218 
SCATHA (Spacecraft Charging at High 

Altitude) satellite - 346-347 
Schlatosomlasia - 287 
Schizophrenia 

Brain biochemistry - 78. 465, 476 

Dopamine excess - 64, 231. 232 

Dmg evaluation • 384 

Etiology - 64 

Incidence - 229 

Symptoms - 229 

Treatment • 230, 476 
School systems 

See under Education 
Science advbory boards - 640. 645. 652 
Science and technology (general) 

Appropriate technology • 646 

Exports - 435 

Importance -5-7. 9-11. 434 
'Intcmational research programs - 5. 
283-298 

Productivity growth factor - 557-558 
Public attitude toward - //. 484 
Role in foreign policy • 5. 294 
Role m problem solving • /. 6. 290, 
518 

Technology deflnition • 610-6 1 1, 

626,664 
U.S. rank • 5. 291, 333, 347-348 
See also Research and development 
See also Technology tranter 
Science and Technology Policy, OfTlce of 

(OSTP)- 12. 13. 184, 406, 513, 516 
Science and Teehnolo^ Policy, Organlzatla 
* and Priorities Act of 1976 - 6. 9. 12, 13 
Science and the Public Interest, Center 
for -486 

Science education - 463-464, 518-519 
Science for the People - 486 
Science^The Endless Frontier -6. 7.9, 10 
Scientific Committee on Problems of the 

Environment (SCOPE) - 286 
Sclentinc Communication and Technology 

Transfer Syatem (SCATT) -514 
Scientific Impact Statements - 487 
Scientific method - 664 

Standardization - 285 
Scientific Research and Development, 

Ofnce of (yVorld War II) ■ 6. 9 
SclentlsU 

Consultants - 485. 487 
Education -6. 270, 271,272 
Employment -6. 10, 271,292 
Govemment - 271, .t85 
Industry. 6. 271.487 
Grant proposals • 270, 276 
Individual investigators vs. 

institutions - 29 
Public regard for - 484 
Research collaboratton • 283, 284, 
287 

Supply . 292, 463 

See also Research and development 
Seabed 

Intcmational research programs - 
10, 31,291,296, 430, 435-436 

Radioactive waste depository • 433 

See also Deep Sea Dnlling Project 

See also Oceans 

See also under Mining 
Seafood production • 328-329 

See also Fishery resources 
SeaUnta - 345 
SeaHes Lake - 421 
Seacat - 23, 25 
Seat bchs - 588, 603 
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Scmltkf Mmd Exdwagc Co«Mb«io« (SEC) - 

516 

S«««rity eUanwccs - 523, 529 
SEGMAG (segmtntcd- magnet, homopolar 

electric propubion) - 336 
SeiMik Maslag - 30 

Mined sround failure - 420 

Mineral exploration - 468 

Nuclear test venTication - 338 
Sekaittm 

Adverse effects - 249 

Circuitry - 124 

Drinking water - 449 

Imports - 185 
Seir-rcfMlated dty - 655, 656 
Scmkottdncton • 95 

Amorphous - 93, 95, 159, 163, 168, 175, 
465, 467 

Circuitry - 124-126, 127, 142. 184, 339, 
467,511 

Pholovoluics - 93, 159, 163, 175, 465 

Power devices - 175, 339 

See also specific semiconduciors 
Senate 

See Congress 
Senile dementia • 377, 405 
Senility • 465 

Mortality rates - 219 
Sensors - 176, 347-348 

Ocean monitoring - 358 

Space activities - 337, 455 

See also specific Instruments 
Sensory processes - 61-62, 78 

See also specific senses 
Sentry Iniarance Company - 530, 535, 537 
SerotOBiD- 59, 62,231 
Service sector 

DeHnition - 555 

Employment - 666 

Information technology - 518 

Productivity - 518, 554, 555, 556 

See also specific services 
Sex factors 

bfe expectancy - 198, 201, 218 

Mortality rates - 218 

Unemployment - 208 

See also Males 

See also Women 
Sexnal behavior - 62-63 
SlMle 

Source of copper and uranium -15 
See also Oil shale 
Shipping 

Fuels - 326 

Hazardous materials - 438 
International regulations - 284 

Ships 

Arctic - 326 
Collisions - 438 
Communication - 135 
Motion sickness - 357-358 
Structural degradation - 355-356 
See also l^avy. Department of the 

Shock and trauma - 352 

SIALON - 178 

Sierra Onb - 486 

Signal processing - 27, 334, 336, 337« 
339,346 

See also specific topics 
Silicon 

Amorphous - 95 

Ceramics - 178, 191 

Circuitry - 27, 124-126, 127, 176, 184, 
190, 339 

Glassy metals 173 

Light detectors - 176, 190 

Photovoltaics - 158, 175 

Power device:* - 175,339 

Sensors - 443 

SIALON - 178 
Silver ImporU - 185 
Snvlenhnre - 159 



Skin disorders 

Cancer 

Causes - 21 

Detection - 226 
Dioxin causes - 257 

Sleep 

Elderiy - 235 

Mechanisms • 56, 62 
Sloan Commission on Government and 

Higher Edncation - 270 
Small boslness • 2 

Small Bnsiaesa Administration (SBA) - 670 
Smallpox - 287 

Smithsonian Science Information Exchange 

(SSIE)-Sl\ 
Smog -21, 156 
Smoking - 227-229 

Adolescents - 229, 240, 243-244 
Cadmium intake - 256 
Cancer relationship - 224, 225, 226, 
227-228, 250 

Dose-response data - 225, 259 
Lung cancer - 227-228, 243, 254, 
256, 257,601, 602 
Cardiovascular disease relationship - 

223, 224, 227, 228, 243, 590 
EUology - 374 

Health relationship (general) - 581, 
603 

incidence - 228, 240, 374 
Low tar and nicotine cigarettes - 587 
Prevention - 586, 587, 590 
Psychological factors ' 229, 240, 243-244, 
374 

Social factors - 229, 244, 374, 587 
Snow mapping - 24-25 
Soapbox Derby - 632 
Social factors 

Alcoholism - 371, 476 
Crime - 632 
Drug abuse - 376 
Family structure - 204-205 
Health • 581 

Elderiy - 235 
MenUl - 589 
Neighborhood dynamics - 410 
Smoking - 229, 244, 374, 587 
Social sciences 

Crime control research - 625, 627, 

632. 633, 634 
information technology use -518 
International research cooperation - 

290 

See also specific topics 
Social scientlsU 

Government employment - 485 
Social Security - 202, 209, 215, 529, 530, 
561,667 

Social Security Administration - 525, 526, 

542 
Social services 

See Public services 
Society 

Complexities - 28, 484, 535-536 
Soclobiology - 73-74 
Socioeconomic factors*666 

Adolescent birthrates - 200 

Alcoholism - 372 

City vs. suburban dwellers • 204 

Education - 397 

Food purchasing - 320 

Health - 581, 589 

Health care delivery - 218, 236 

Two-salary families - 206 

See also Low income groups 
Sociollngnistlcs - 394 
Sodlnm 

Brain - 57, 58 

Nuclear reactors - 364 

Street lights - 651 
Soil - 323 

Conservation -416 



Fertility - 434, 566 

Minerals availability - 72 

Pollution - 315, 323, 384, 596 

Properties - 314, 323 

Supplements - 424 
Soil Conservation Service 

Potential Cropland Study • 574 
Solar energy - 18-19, 158-160, 167-168, 
361,362, 569-570, 669 

Agricultural uses - 315, 569-570, 571, 575 

Cells - I5S-159, 175, 190, 345 

Collectors - 158 

Costs -362. 569-570 

Dust effects • 19 

Effect on climate - 22 

Electrical propulsion system - 458 

Environmental assessment - 450 

Genetic technologies • 43 

Government stimuli - 158, 362, 669, 
670 

Heating and coolmg - 158, 168, 362, 461 

Financing - 412 
Passive systems - 669 
Photovoltaic conversion - 93, 158-159, 

163, 175, 190.461,464,465 
Power towers • U8, 159, 168 
Satellite - 159, 168, 431 
Storage systems - 160, 362, 569 
Supply and demand - 145, 150, 156-157, 

164, 166, 167 
Tax credits - 362 

See also Photosynthesis 
SolId-sUte epitaxy - 95 
Solid sUte physics - 123 
SolId*sUte, vlsIble-IIght cameras - 27 
Solid waste 

See under Waste management 
Somatostatin - 43, 60, 385 
Sonar -337, 404 

See also Acoustic sensors 
South Africa 

See Union of South Africa 
South Carolina 

Charieston earthquake - 10, 12 
South Korea - 293 
South Pole - 20 
Southern United States 

Gasoline consumption - 212-213 

Job availability - 212 

Manufacturing • 215 

Population migration - 202, 204, 21 1, 
212,213,214 

Youth activities needs > 215 
Southwestern United States 

Manufacturing - 215 

Population migration - 203, 212, 214 

Youth activities needs - 215 
Soviet Union 

Sec Union of Soviet Socialist 
Republics (USSR) 
Soybeans - 69 

Space and space technology - 23-25. 58-59. 
23-28,30, 455-460, 665 

Cost-benefit analysis of space 

missions - 27-28 
Defense concerns - 333-334, 337-338 
Government support of research ■ 459 
Health concerns - 458 
Information systems - 459-460. 495 
International concerns - 28, 430 
International research programs -91* 

284, 285, 286, 289 
Materials processing • 456, 457, 459 
Propulsion systems - 460 
Radioactive waste depository - 433, 

461 

Structures • 337 

Tran spoliation • 27, 458-459. 460 

See also Astronomy 

See also Cosmology 

See also Satellites 

See also specific bodies in spoce 
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SIMM Act oT 1958 - 455 
SfMcc optic* • 337 

S|Mc« Shuttle . 24-25. 24, 27, 90, 457, 

45M59 
SfMcc telescopes • 90, 458 
Space TraasportJrtioa System - 24-25. 455, 

458^9 
SpaceUb • 27, 91, 457, 458 
Spasticity - 78 
Spectrometry • 385, 386 
Spectroscopy • 96 

Atomic studies • 96-98, 105, 1 16^ 183 
465 

MeUls study . 174 
Set also specific types of 
spectroscopy 

Speech 

Computer interface • 340 
Generators - 395 

Pscket network transmission • 338 

Speed Hmlts • 443, 588 

Sphalerite mialag - 421 

Spinal cord ■ 477 

See also Neurosctence research 

Standard of living 

Global concerns - 435 

Standard setting 

Data -426,501,503, 514-515 
International cooperation - 284, 285 
See also National Bureau of Standards 

Stanford Heart Disease Prevention Program • 
224 

Stanford Unear Accelerator Center (SLAC) • 
112 

Stanford Research Institute • 644, 646 
Stanford University - 344 
Stars -84-87 

See also Sun 
State and local governments • 74-76 

Community development planning • 413 
Employment of women and minorities • 

411 
Finance - 409 
Taxes - 409 

Urban development - 409 
Uses of science and technology • 639-661 
668 

State, Department of - 54-56, 4Z^*436 
State Science, Emergency, and Technology 

i>rogram - 644, 646 
Statistical analysis 

Pollution efTects 600 
Toxicity - 599, 601 

Steel 

Automobiles - 172, 186, 191 

Future advances - 172, 190 

High-strength - 172-173, 186, 191 

Imports - 184, 185 * 

Machining - 182 

Processing - 180, 186 

Scrap - 421 
Steel Industry pollution - 600 
Sterilization 

Birth rate efP'ct - 200 
Stockholm InstltTite for Peace 

Research (SIPRI) - 289, 295 
Strat.Mphere -21-22, 347 
Stress 

Battlefield -353 

Cardiovascular disease risk 
factor - 223 

Crime relationship • 632 

Decbionmaking - 334, 340 

Ekieriy - 234 

Lie detection equipment - 537 

Plants - 70,"72> 79,316-317 

Trees - 322 

Urban - 63 
Stress corrosion cracking - 442, 471 
Strip minlag 

See Surface mining 
Stroke - 219, 220, 225, 242 
Page numbers in italics rtfer to Volume I and pn 
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Strontinm Imports • 185 
Structures 

See specific structures 

See also Construction 
Submarines • 333, 337, 356 
Subsidence -417, 425, 427 
Suicide 

Eldcriy - 234 

Mortality rates - 219, 230 
Sulfates 

Ail pollution • 446 
Sulfur 

Biogeochemical cycle - 466 
Combustion - 152, 156, 363, 449, 

450, 451,468 
Highway construction - 439 
Ocean sources - 16 
Production -421, 439 
Sulfur dioxide 

Acid rain - 21 

Air pollution regulations • 152, 

251-252 
Aquatic life effects - 21, 258 
Diffusion modeling - 600 
Immune system effects - 382 
Respiratory system effects - 250, 254, 

601 

.Sulfuric acid 

Zmc production - 421 
Sun - 19, 455,457, 458 
Sunlight 

Aerosol effect on - 21 

Photosynthesis - 65-68 

See also Solar energy 
Superalloys - 172 
Superconductors - 175-176, 467 
Supersonic transports - 21, 461 
Supreme Court • 484, 539-540, 543 
SuHkce mining - 416, 425, 427, 450 
Surface Mining Control and Reclamation Act 

of 1977 - 14,415 
Surface Mining, Offiee of - 450 
Surgery 

Amputation - 475 

Cancer treatment - 226-227, 243 

Coronary bypass - 222, 406, 585 

Impact on health care costs - 585 

Obesity treatment - 406 

Ulcer treatment - 582 

Unnecessary - 589 
SurvelUanee systems 

Ocean - 438 

People- monitoring - 536-537, 544, 547 
Space - 334, 337 
Submarine - 333, 337 
See also Satellites 
See also specific technologies 
Srreden 

Long-term institutional care - 235 
Nuclear waste management proposal - 
161 

Pain research - 381 
Public participation in policymaking - 
490 

Stockholm Institute for Peace 
Research support • 89 
Swedish Agency for Research Cooperation 
wHh Developing Countries - 293 

Swedish International Development Agency - 
293 

Swine flu -351 
Switzerlaaa 

Center for European Nuclear Research 
(CERN)- 112, 117,290 

Symphony orchestra - 667 

Synaptic transmission • 54-55, 58-59, 
77, 78 

Synchrotron radiation - 86, 92, 96, 1 15 

Synthetic ehemkals • 250-251,596 

See aho specific chemicals 



Synthetic fuels - 2. 5. 16. 17 

Coal sources - 150, 152-153, 166, 
363 

Oil shale souixes - 150, 166 

Use - 150, 345 

See also specific fuels 
Syphilis mortality rates - 219 
Systems analysis - 665 

Information dissemmation - 513-514 

Intemational research programs • 289 
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Taconites 

Iron source - 15 
Taiwan 

Cancer incidence - 256 
Tanks - 333, 335, 336 
Tantalum 

Imports - 185 

Refractory metal - 174 
Tar sands - 151 
Taxes 

Agriculture effects - 315, 571-572, 575 
Fuel - 151 

Housing effects - 409-410, 414 
Incentives to support research - 496 
Income -529, 530, 531,559 
Library support - 503 
Married couples vs. singles • 209 
Population migration effects - 211, 
215 

Productivity effects - 559 
Solar energy credits - 362 
State and local policies - 409*410 

Tay-Sachs disease - 42, 58 

TCDD 

See Dioxin 

Teacbers 

See Education 

Teaching, Conference on Studies in - 394 

Technetium 99 - 384 

Technology 

See Science and technology 

Technology assessment 
Agriculture - 324 
Medicine- 24 1,407 

Technology Assessment, OfHce ot(OTA) - 
241,487,518 

Technology transfer 

Computer science - 181 
Criminal justice - 627, 635 
Demand-pull policies - 652-653 
Developing nations - 5. 188, 292, 

294-295, 296, 425, 434 
Govemment role - 139, 639-661 
Health and medicine - 241, 373, 406-407 
Informal networks - 510, 51 1-512 
Materials technology - 183-184, 188 
Physics - 118 
Satellite data • 32 

State and local govemments - 639-661 
Technology- push policies - 650, 652 
See also Information dissemmation 
See also Science and technology 

Tectonic plates 

See Plate tectonics 

Teenagers 

See Adolescents 

Telecommunications 

See Communications technologies 

Teleconferencing - 499-500, 512, 517, 66S 

TELENET - 135, 498, 502 

Telephone 

Advertising - 504 
IfKiustry - 494, 497, 498, 500 
Information services use • 493, 494, 
498, 502 
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Line capacily • 329 

Listening devices • 536-537 

Rural areas • 330 
Telescopes • 89. 90-92 
Teletext systems -511 
Televlilon ■ 500 

Advertising • 406 

Cable - 331, 651, 669 

Education - 651 

Games ■ 127, 395 

Health care applications • 651 

Information systems applications - 
493. 502 

Intcmational concerns - 434-435 

Line capacity • 32r 

Rural areas • 331 

Use - 493 

Violence • 632 
Tellurium sensors • 176. 338 
Tennessee 

Memphis earthquake • 12 

Oak Ridge National Laboratory • 489 
Tennessee Valley Authority 

Coal purchases • 152 

Fertilizer production • 68 
Terrorism - 334. 444 

See also Sabotage 
Test-tube babies • 464 
Texas 

Dallas tralTic management - 440 

Lignite region • 4 16 

Population migration • 202 
Textile Industry 

Productivity - 558 

Water pollution • 448 
Textiles 

Fire- and Ramc-rcsistant fabrics • 
255, 353 
ThulassemU - 43 
Third world 

See Developing nations 
Third party reimbursement 

See Health insurance 
Thirtt - 55, 63 
Thorium 

Exploration • 423 

Extraction - 425 

Nuclear reactors - 153, 160, 161. 168, 364 
Three Mile Island - 18, 154. 155. 464 
Thrombocytopenic purpura • 52 
Thromboembolic purpura • 42 
Thymus gland - 50. 53 
Thyroid 

Hormones in the elderly - 234 
Thyrotropin ■ 60 
Tidal power - 157. 167 
Timber 

See Forests 

See Wood 

Tin 

Imports • 185 

Niobium'tin wire • 175 

Waste recovery - 327 
Tiros - 426 
Tissue typing • 43 
Titanium 

Corrosion resistance ■ 174, 422 

Imports • 185 

Nuclear waste management - 161 

Processing • 181. 345 

Production - 174 

Uses - 174. 188. 461 
Titanium dioxide 

Pigment • 188 

Sensors - 176 
Toluene production • 252 
Tomography • 582 

Assessment necessity - 241. 386. 406 

Cancer screening • 226 

Obsolescence - 584 

Overuse - 583 



Tornadoes 

Monitoring from space - 25. 426 
Tourism industry • 554 
Toxic substances - 4. 34-35. 249-265. 
381-384 

Animal experimentation - 596 

Data bases - 446 

Dosc-rcsponsc data ■ 250. 258-259. 367. 

383. 387. 599,601 
Epidemiological studies - 250. 446 
Exposure routes - 382-383. 601 
Forecasting problems - 260 
Identification and teeing - 250-251, 

260, 329-330, 367. 380, 381-382, 

385-386, 405, 447, 448. 599. 601 
Institutions concerned with research - 

260 

International cooperation - 260-261 
Low levels 

See Dose-response data (above) 
Marketplace • 255-256. 588 
Military environment • 344, 347, 352. 

357 

Mimng - 418, 419 
Mutalion-causing • 41, 45, 258. 
368. 601 

Nonhuman species effects • 258. 260 

Persistence - 252-253 

Regulation - 251-252. 255-256, 259-260. 

388-389, 445-446. 598 
Risk assessment ■ 250. 258-260, 262. 

329-330, 347. 445-446. 599 
Standards - 260, 330. 344, 388-389. 

406 

Transformation • 253. 383-384 
Transportation • 35, 441, 442-443. 
444 

Waste management - 254. 262-263 
Workplace - 250, 255, 262, 263. 313. 
347. 588. 591, 598, 603 

See also Carcinogens 
See also Occupational safety and 
health 

See also specific substances 

See also specific types of polltmon 

See also specific types of substances 

Toxic Substances Control Act - 259 

Toxicology Information Program - 405 

Toxline - 405 

Trace elements - 367 

Atmosphere - 433, 446 
Food chain • 446 
Soil - 424 

Water supply - 255. 262 
Tracking and DaU Relay Satellite System 

(TORSS) - 25, 459 
Trading with the Enemy Act - 504 
Trsrric management • 439-440 

Police activities • 612. 613. 615. 
616 
Training 

Military personnel - 334. 340. 347. 
351 

Mining personnel - 420 
Transfer Income Model (TRIM) - 413 
Transistors - 124. 125. 127. 129 
Translating • 515 
TRANSPAC - 135 
Transplants - 357. 476-477 

Bone marrow - 51 

Heart • 51 

Kidney. 50, 51-52, 76 
Limbs - 477 
Liver • 51 

Transportation • 22-23, 56-57, 437-444 
Agricultural concerns - 316 
Computer applications - 439. 440-441. 

443. 651. 666 
Energy conservation 147. 149. 162. 

441-442. 443 
Energy use - 148. 149, 437 
Fuels transportation - 35, 326. 438 
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ISETAP task ibrccc - 652 
Mass transport - 163. 213. 442 
Mining - 420 

Productivity - 443-444. 556 
Rursl areas - 213. 316 
Safety - 35, 439-440. 441. 444 
Space • 27. 458-459. 460 
Urban areas - 203. 439-440. 442. 443. 
666 

See also Trqffic management 

See also specific modes oftmnsponuiion 

See also specific vchtcle typei 

Transportation, Department of - 22. 2.?. 56-57, 
21,437-444. 650 

Treaties - 430. 438 

Trees 

See Forests 
TRIS (flame retardant) - 255 
Tritium 

Nuclear fusion - 157. 366 

Ocean study - 18 
Tropical diseases - 287 
Troposphere - 21 
Trucking industry • 439 
Truth detection devices - 535, 537. 546 
Trypanosomiasis - 287 
Tryptophan - 38 
Tsunamis - 12. 433 
Tumors 

Cells - 44 

Immunology - 53, 77, 226 

Toxic substances cause • 596 

Viruses ■ 45 
Tungsten 

Imports - 185 

Production - 422 

Refractory metal - 174 
TYMNET - 135,498. 502 
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Ulcers - 582 
Ul trace ntrifuges 
Ultrasound 

Cardiovascular disorders detection - 
404. 475 

Health effects - 386-387 

Structural evaluation 344 
Ultraviolet radiation 

Food sterilization • 385 

Health effects - 387 

Mutation-causing - 41 

Matter study - 93 

Ozone interaction - 453. 466 
Unemployment 

Sec under Efnplovmem 
UNESCO -287. 435 
Union of South Africa 

Coal liquefaction technology 153 

Mineral resources - 188 
Union of Soviet Socialist Republics (I'SSR) 

Bilateral science and technology 
agreements - 29 1 

Disarmament di.nlogucs - 295 

Disarmament monitoring 517 

Droughts - 20 

Earthquake prediction 1 1 

Education vs research institutes 
269 

Human rights vs international 

cooperation - 292 
Military capabihly - 343 
Mineral resources - 188 
Mount Semirodnika lelcscoiK' 90 
Neutrino study - 88 
Nonionizing radiation stand. irds 452 
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112 USSR — Waste recovery 

USSR (eoatlnued) 

Nuclear fusion reactors • 157 

Polar-ortiiting satellites • 26 

POLYMODE - 18 

Satellites for forecasting wheat 
yields • 24 

Scientist exchange programs • 291-292 

Wheat production - 316 
Uahed IGiifdom 

See Great Britain 
Uahed Nations 

Agency-creating tendency • 292-293, 
294 

Developing nation influence - 291 
Earth science activities - 33 
International meetings sponsorship - 435 
Outer space activities - 28, 430 
Remote sensing concems - 433 
Research supported - 287 
Science and technology patron - 290 
Scientific conference model use • 285 
Television broadcasting concems - 434 
Working Group on Policy for Science 

and Technology • 292*293 
See also specific agencies 
See also specific conferences 
United Nations Conferenee on Exploration 

and Peaecfttl Uses of Outer Spaee - 435 
United Nations Conferenee on New and 

Renewable Soureca of Energy - 435 
United Nations Conferenee on Science and 

Teehaotogy for Development - 294-295, 435 
United Nations Conference on Teehnieai 
Cooperation among Developing Countries - 
294-295 

United Nations Conferenee on the lum of 

the Sea* 5. 16, 17, 19,33,290, 

430, 432, 436 
United Nations Conferenee on Trade and 

Development • 290 
United Nations Development Program - 285, 

288,290 

United Nations Environment Program - 285, 
288 

United Nations International Children's 

Education Fund (UNICEF) • 290 
United Sutes 

See specific region 
See specific State 
United Sutes Congress 

See Congress 
United Sutes Department of ... 

See other pan of name 
United States Steel Corporation - 397 
Universities and colleges 

Academic jobs - 1 18, 271, 272, 279 
Applied research - 272 
Basic research • 269-281, 604 

Funding - 274-275 
Capital expenditures - 275 
Curriculum and research areas 

Defense - 343 

Engineering - 182, 270 

Justice studies - 626, 630-631, 635 

Materials processing - 182 

Minerals science - 14 

Physics - 118 

Science (general) - 270 

Science vs. medical - 37 
Enrollment - 6. 209-210, 270-271, 278 

Minontics - 271 

Women - 271 
Faculty - 6. 272, 408 
Financial support - 6. P-/0. 269-270. 

273-277, 279 
Government/university cooperation - 6. 

9. 270, 277, 279, 408. 512, 517. 635 
Industry/university cooperation - 2. 6. 

277-278. 280. 512,517 
Land grant - 314 
See also Education 
See also Graduate schools 



University of 

See under specific State 
Uranium 

Costs - 158 

Health hazards - 418 

Mining - 417. 418, 423, 425, 450 

National Uranium Inventory Project - 
10 

Nuclear reactors • 153, 154, 157. 158, 
160, 161, 164, 165, 166. 168, 169, 
174, 364, 471-472 

Supplies - 154, 160 

Unconventional sources - 15 
Urban areas 

See Cities 
Urban Consortium - 652 
Urban Institute - 413 
Urban Technology System - 645 
USSR 

See Union of Soviet Socialist 
Republics (USSR) 

Uuh 

Salt Lake City 

Earthquake - 12 
Information broadcasting 
experiment - 502 



Vaccines - 50-51. 351, 384, 404 

Animal parasites - 318 

FDA testing - 379. 384 

Gonorrhea - 239 

Hepatitis - 51,76, 384,404 

Influenza • 384 

Malaria -51, 76, 239, J57 

Pneumonia - 51, 239, 384. 582 

Viruses - 50. 582 

See also Immunization 
Vacuum tubes - 123, 124 
Valproic acid - 582 
Van Normsn Dam - 12 
Vanadium 

Imports - 185 

Recovery - 421 
Vanguard program - 459 
Vanpooling - 443 
Vascular diseases 

Arteriosclerosis • 48, 219, 220, 223, 
242, 243. 406 

Cure expectations - 37 

Dysvascular lower extremities - 475 

Hypertension - 221-222, 223. 224, 
242-243 

Stroke - 219. 220. 225, 242 

See also Cardiovascular disorders 
Venezuela 

Tar sands - 151 
Venus - 26, 27 

Veterans Administration - 60-61. 475-477 

Veterinary drugs - 382, 385 

Vibration 

Aircraft - 461 

Combat vehicles - 353 

Mining • 417 
Video conferencing - 499 
Videodises 

Health data base applications - 407 

Instructional programs « 395. 396 

Military training - 340. 351 

Technology - 394-395 
Videotapes 

Education applications - 394. 395 

Surveillance systems - 537 
Vietnam War - 10. 536 

Defoliant use - 596 

Veterans - 476 



VIcw-daU-511 

Vinyl elilorlde 

Cancer-causing - 255. 383-384 
Regulations - 2J 1-252, 255 

Virginia 

Dairy farms - 568 
Population migration - 202 

Virology - 402, 404 

Vlnises 

Antiviral materials - 384, 404-405 

Cancer-causing - 45. 46, 225 

Genetic mechanisms - 40, 41 

Latent - 402 

Vaccines - 50, 582 
Vbibility - 446 
VUioa 

EldeHy . 233 

Eye cancer - 46 

Laser-induced impairment - 353 

Mechanism - 56, 60. 61-62 

Retinal dystrophy - 61 

Robots - 141 
Visual eommunlcatloo - 665 

See also specific topics 
Vitamins - 386, 406 

Megavitamins - 388 
Voice eomputerlzatlon - 515 
Voice message systems - 494 
Voice prinU-522,615 
Volcanic cinder Imports - 185 
Volcanoes -433 

Monitoring from space - 24 

On other planets - 26 

Prediction - 9, 425 
Voyager mission - 27 
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War on Cancer - 582 
Warfare - 334 

See also Defense 
Washington (state) 

Seattle earthquake - 12 
Tacoma coal liquefaction facility • 
153 

Washington. D.C. 

See District ofColumbta 
Waste heat - 1 <9 
Waste management - 3S. 424 

Chemical dumps - 254, 261. 262-263 
Cities - 149.424,451 
Deep well injection - 451 
Forest and rangcland dcpositoricf - 
323 

Genetic engineering - 357 
Global concems - 433 
Undnils -451 

Mining industry * 417. 421, 451 
Nuclear - J6. 154. 161. 169. 365. 

424, 433.472-473,489 
Ocean depositories - 328, 424. 433 
Outer space dcpositoncs • 433 
Solid waste -450-451.467 
Toxic substances - 254. 261. 262-263 
Underground depositories - 417. 424. 451 
Utility industry - 451 
WasU recovery - /7. 21. 183. 186. 192, 
451.467-468 

Agriculture - 315. 568. 569. 570 
Aluminum - 327. 467 
Highway construction materials - 439 
Metals - 186. 327 
Mining -421. 451 
Municipal wastes - 186,451 
Plasties - 186 

Solid wastes -451. 467-468 
Wastewater 

See Water pollution 

other page numbers 
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Water hardneu 

Cardiovascular diseases relationship • 
230, 238, 449 
Water pollution • 34. 3S 

Acid rain -21, 156, 258,466 

Agriculture • 313, 314-315, 323, 424, 449 

Chemicals • 254, 261, 262-263, 424, 
447, 44S, 449 

Coal slurry pipelines - 152 

Genetic engineering technology • 357 

Global concerns • 433 

Industry - 329, 447-448 

Information needs • 314-315, 425, 447 

Mining - 416, 417, 418, 425. 450 

Oil spills - 18, 326,438 

Pesticides - 254 

Regulations - 3 14, 447, 597 

Trace elements - 255 
Water Foltutloo Control Aet - 314, 

447, 487 
Wat<^ supply 

Agricultural requirements • 314, 424 

Chlorination • 254-255, 262, 263, 
449 

Climate change effects • 23, 327, 328 
Conservation • 447>448 
Desalination - 43 1 
Deserts -5. 431 

Drinking water • 239-240, 448-449 
Energy production requirements • 

17, 150, 163 
Fluoridation • 239-240, 588, 590 
Global availability - 431-432 
Groundwater - 314, 417, 425, 448, 449 
Hydropowcr - 159 
Icebergs - 411 

Industrial requirements - 3 {4 

International research programs - 286, 
289, 291,296 

Monitonng from space - 24, 426 

National assessment - 425 

Plant growth requirements - 72 

Recycling -3 14, 447, 448 

Synthetic fuels production 
requirements - 150, 163 

Watershed management - 323, 448 

Stf also Irrigation 
Watergate - 525, 536 
Wave power - 157,167 
Wave propafatloa - 358 
Weapon systems 

See under D^eme 
Weapons proUreratlon 

See Nonproliferation 
Wear rtslsUnce (materials) - 327. 336, 341, 

345, 355 
Weather 

See Climate 
Weed control -70-71, 317 
Weralcke-KorsaJcofTs syndrome - 372 
Weft Africa RIee Development Association 

(WARDA) - 288 
Wett Germany 

Coal liquefaction technology - 153 

Computer-aided manufacturing - 182 

Foreign import reliance - 184 



Industrial productivity growth • 329 

Nuclear accelerators - 1 12 

Nuclear reactors - 161 

Public participation in policymaking • 490 

Traffic system - 440 
Wettem Europe 

See Europe 
Western United Sutes 

Gasoline consumption • 212-213 

Population migration - 204, 211, 212, 
213 

Wettlag bouse Electric Corporation - 497 
Whales - 17 
Wharton School - 514 
WIckersham Report of 1931 - 610 
Wild planU 

See Plants 
Wildlife protection - 323-324 
WIndpower - 159, 168, 315, 461, 569 
Winged beans - 73 

Wiretapping and eavesdropping - 522, 535, 

537, 541,546, 547 
Wisconsin 

Farming method study -571 
Women 

Crime - 632 
Education 

College enrollment - 210, 271 
Doctorate recipients - 273, 279 
Graduate school enrollment - 273, 
279 

Fertility rates - 200,201 
Health 

AIcohorism- 371, 372 

Cancer - 226, 602 

Depression - 377 

Mental health services - 377 
Housing discrimination - 411 
Labor force 

Earnings - 206, 209 

Employment status - 207 
Unemployment - 206, 108 

Government jobs - 4 1 1 

Implications - 209 

Increases - 205, 206 

Retirement effects - 206 

Working mothers - 209 
Life cxpccuncy - 201, 218-219 
Mamage - 204 
Mortality rates - 218, 226 
One-parent families - 205 
See also Sex factors 
Women and Mortgage Credit project - 411 
Wood 

Preservation - 358 
Production - 322 
Products - 322 

Supply and demand - 321 , 430, 43 1 

See also Forests 
Wood pilings -358 
Word processors - 123, 143, 395 
WorkpUce 

See Occupational sqfety and health 
Worker's Compensation - 598 
World Administrative Radio Conference 
(YVARC)' 435 
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World Bank - 288, 290 
World development - 430 

See also Developing nations 
World Climate Conference - 287 
World Climate Program (U'CP) - 23. 285. 
287 

World Food Conference - 319 
World Health Organization fU^//0> - 223. 285, 
287, 288 

World Meteorological Organization (H'MO) • 

23, 27, 285, 287, 436 
Wyoming 

Powder River Basin - 416 



X 



X-ray astronomy - 84, 85<88, 92 

X-ray crystallography - 35, 68 

X-ray dlfTractlon - 388 

X-ray pulsars - 86 

X-ray stars - 85 

X-rays 

Atomic studies - 100, 183 
Biological studies - 35, 68 
Chemical studies - 383, 386 
Health and medicmc - 386, 473 

Mammography - 226 
Lithography - 125, 176 
Surface studies - 93 
See also specific techniques 

Xerox Corporation - 516 

Xylenes '^roduet>on - 252 



Youth 



See Adolescents 



Zaire 

Cobalt resources - 174 
Landsat substations - 28 

Zero population growth - 213 

Zinc 

lm|X)ns 185 

Mining - 421 

Nickcl-zinc batter) - 351 

Ocean sources - 16 
Zirconium 

Nuclear reactors - 174 
Zirconium dioxide sensors * 176 
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